^Hi 


(ESENTED    TO  THBrv     »    .       -rt  I      (> 


— v Jr  ^v^ —  '' 


.X^ 


V 


MEMOIRS 


OF      THE 


AMERICAN    ACADE  MY 


O  F 


.V/-:i:^~a 


ARTS 


AND 


SCIENCES: 

To    THE    End    of     the    Year    m,dcc,lxxxiii. 

VOLUME     L 


^''■ 


BOSTON: 
Printed  by  ADAMS  and  NOURSE,  in  Court^Street. 

M,DCC,LXXXV. 


«6^- 


-r.-f- 


,_-> 


~\ 


-■luaitj.  wMj^i^mm  ■nhwwj  ■■w*-**  *  -**-"'^=^'*»» 


PREFACE. 

MAKTCIND  have  ever  found  a  Hate  of  focicty  fubfervient 
to  their  comfort  and  happinefs.  Subjeded  to  many  wants, 
they  have  been  able,  by  an  union  one  with  another,  to  obtain  that 
fupply,  which  would  have  been  impracticable  if  each  individual 
•had  ftood  alone  ;  and  invariable  experience  has  taught,  that  the 
Social  bond  is  the  greateft  fecurity  againft  the  numberlefs  dangers 
and  difficulties,  to  which  they  are  expofed.  Hence  the  many  po- 
litical or  civil  inftitutions,  that  have  been  formed  in  the  world, 
•which  have  been  greater  or  Icfs  bleffings  to  the  perfons,  who  have 
belonged  to  them,  in  proportion  as  thofe  inftitutions  have  been 
framed  with  more  or  lefs  wifdom,  and  the  members  of  them  have 
been  more  or  lefs  virtuous  and  prudent. 

Societies  for  promoting  ufeful  knowledge  may  be  higlily  ad- 
vantageous to  the  communities,  in  which  they  are  inftituted.    Men 
vunited  together,  and  frequently  meeting  for  the  purpofe  of  ad- 
.vancing  the  fciences,  the  arts,4igriculture,  manufactures  and  com- 
merce, may  oftentimes  fuggeft  fuch  hints  to  one  another,  as  may 
be  improved  to  important  ends  :  and  fuch  focieties,  by  being  the 
repofitories  of  the  obfervations  and  difcoveries  of  the  learned  and 
ingenious,  may,  from  time  te  time,  furnifli  the  world  with  ufefu! 
publications,  which  might  ctherwife  be  loft  :  for  men  ofingenui- 
5ty,  and  modefty,  may  not  chufe  to  rifk  their  reputation,  by  fend- 
ing abroad,  unpatronized,  what  a  learned  fociety  might  judge 
richly  worthy  the  public  eye.;  or,  perhaps,  their  circumftances 
being  ftraitened,  they  may  not  be  able  to  defray  the  expence  of 
publication.     Societies  inftituted  for  promoting  knowledge,  may 
alfo  be  of  erriinent  fervice,  by  -exciting  a  fpirit  of  emulation,  and 
•enkindling  thofe  fparks  of  genius,  which  otherwife  might  forever 
have  been  concealed  ;  and  if,  when  poflcfled  of  funds  fufficient  for 
the  purpofe,  they  r-eward  the  exertions  of  the  induftrious  and  en- 
tcrprifmg,  with  |)ecuniary  premiums  or  honorary  medals,  many 
important  experiments  and  ufeful  difcoveries  will  be  made,  from 
^lich,  the  public  may  reap  the  higheft  advantages. 

Eminent  inftances  of  the  beneficial  efte<5ls  of  fuch  inftitutions 

■  we  have,  in  the  Royal  Academy  of  Sciences  at  Paris,  the  Royal 

Society,  and  the  Society  inftituted  for  the  encouragement  of  Arts, 

Manufactures 
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Manufactures  and  Coniimerce,  iii  London^  and  iTxany  others  of  a 
■  finiilar  kind,  in  Eumpj.  Hereby  a  fpirit  of  difcovery  and  improve- 
ment has  been  excited  among  the  ingenious,  in  ahiioft  every  na- 
tion, in  that  quarter  of  the  world  ;  and  Anowledge  of  various, 
kinds,  and  greatly  ufeful  to  mankind,  has  taken  phice  of  the  dry 
and  uninterefting  fpeculations  of  fchoolmen  ;  and  bokl  and  erro- 
neous hypothefis  has  been  obliged  to  give  way.to  demonftrative 
experiment.  In  Ihort,  fmce  the  cftablifhment  of  thefc  focicties, 
folid  learning  and  philofbphy  have  more  increafed,  than  they  haci 
done  for  many  centuries  before. 

But  the  fpirit  of  promoting  knowledge,  by  inftituting  literary 
focieties,  has  not  been  confined  to  Europe  :  It  has  found  its  way 
to  A7nerica.  Some  years  ago,  a  number  of  gentlemen  in  Philadelphia^ 
voluntarily  formed  themlelves  into  a  fociety,  by  the  title  of.  The 
American  Philofophical  Society,  They  have  publiflied  one  volume 
of  tranfaclions,  which  has  done  them  honor.. 

In  this  Commonwealth,  a  fociety  for  promoting  ufeful  know- 
ledge was,  for  m.any  years,  in  contemplation  ;  but  the  defign  was 
never  vigorouliy  engaged  in  and  purfued,  'till  the  end  of  the 
year  1779^  when  many  gentlemen,  perfuaded  of  the  utility  of 
fuch  an  intlitution,  determined,  without  delay,  to  ufe  their  en^- 
deavors,  to  have  one  formed  upon  a  liberal  and  extenlive  plan, 
and  at  the  fame  time,  to  have  it  eitabliflied  upon  a  firm  bafis,  by 
obtaining  the  fiinctjon  of  the  Legiilature.  And  to  the  honor  of 
our  political  Fathers  be  it  fpoken,  that  although  the  country  was 
engaged  in  a  diftrefling  v/ar,  a  war  the  moft  important  to  the 
liberties  of  mankind,  that  was  ever  undertaken  by  any  people,  and 
v/hich  required  the  utmofi:  attention  of  thofe,  who  were  entrufted 
with  our  public  concer:  s,  they  immediately  adverted  to  the  ufe- 
fulnefs  of  the  deiign,  entered  into  its  fpirit,  and  incorporated  a  fo- 
ciety, witK  ample  privileges,  by  the  name  of.  The  American  Acade- 
my cf  Arts  and  Sciences.  Thepurpofe  of  this  inftitution  is  to  pro- 
mote moft  branches  of  knowledge  advantageous  to  a  community, 
as  Vvill  appear,  by  the  following  charter  of  incorporation,  whicll 
was  granted  May  4,  1780. 

4'  An  Act  to  incorporate  and  eflablifh  a  Society  for  the  cultiva- 
tion and  promotion  of  Arts  and  Sciences." 

''  AS  the  Arts  and  Sciences  are  the  foundation  amifapport  ofagricul- 
''  iure,  ?nanufa6lures,  and  commerce  ;  as  ihey  are  necejfary  to  the  wealthy 
"  peace y  independence  cuhi  bappinefs  cf  a  people  ;  as  ihey  ejfentially  promois 
'-  t::;  i-i,:::r.ci':d  dignily  rof  ihi  ^v^nimerit  'u^bich  patronifcs  them  ;   and 
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as  they  are  mojl  effe^ually  cultivated^  and  diffiifed  through  a  State^ 
by  the  forming  and  incorporating  of  men  of  genius  and  learning  into 
public  Jhcieties  :  For  thefe  benejicial  purpofes^ 

"  Be  it  therefore  enabled  by  the  Council  and  Houfe  of  Reprefentatives  in 
General  Court  a(Je?nbled,  and  by  the  authority  of  the  fame^  That  the 
Hon.  Samuel  Adams ^  Efq;  Hon.  John  Adams ^  Efq;  John  Bacon .^ 
Efq;  Hon.  fames  Boivdoin^  Efoj;  Rev.  Charles  Chauncy^  D.  D.  Rev, 
fohn  Clark,  David  Cobb,  Efq;  Rev.  Samuel  Cooper,  D.  D.  Hon. 
Thomas  Cu/king,  Efq;  lion.  Nathan  Cu/hing,  Efq;.  Hon.WilliamCuJh- 
ing,  Efq;  Tnjiram  Dalton,  Efq;  Hon.  Francis  Dana^  Efq;  Rev. 
Samuel  Deane,  Rev.  Perez  Fobes,  Rev.  Caleb  Gannett,  Hon.  Henry 
Gardner,  Efq;  Mr.  Benjamin  Guild,  Hon.  John  Hancock,  Efq;  Hon. 
Jofeph  Ha%olcy,  Efq;  Edtvard  Auguftus  Holycke,  Efq;  Dr.  Ebenezer 
Hunt,  Jonathan  Jackfon,  Efq;  Dr.  Charles  Jar-vis,  Rev,  Samuel 
Langdon,  D.  D.  Hon.  Levi  Lincoln,  Efq;  Rev.  Daniel  Little,  Rev. 
Elijah  Lot  hrop.,  John  Loivsll,  Efq;  Kqv.  Samuel  Mather,  D.D.  Samuel 
Moody,  Efq;  Hon.  Andrevj  Oliver,  Efq;  Dr.  Jofeph  Orne,  Dr. 
Theodore  Parjons,  Won.  George  Partridge,  Efq;  Won..  Robert  Treat 
Paine,  Efq;  Rev.  Phillips  Payf on,  Samuel  Phillips,  jun.  Efq;  Hon.. 
John  Pickering,  Efq;  Hon.  Oliver  Prej^cot,  Efq;  Rev.  Zedekiah 
Sanger,  Hon.  Nathaniel  Peaflce  Serjeant,  Efq;  Micajah  Saiuyer,Ylic^, 
Theodore  Sedgzvick,  Efq;  Hon.  William  Sever,  Efq;  Stephen  Seivall, 
Efq;  Hon.  David  Se-iuall,  Efq;  Jchn  Sprague,  Efq;  Ebenezer  Storer, 
Efq;  C^/^ii'  Strong,  Efq;  Hon.  Jr^/z/j-j-  Sullivan,  Efq;  Viv.John  Bernard 
Sweat,  Mr.  Nathaniel  Tracy ^  Cotton  Tufts,  ^iq;,  Yion.  James  IVarrcti, 
Efq;^  Rev.  5^;;;?^^/  H'(y^,  Rev.  Ed-zaard  Wigglefworih,  Rev.  7o^;>>6 
JVil!ard,Rev. Samuel IVilliams,  Ktv.AbrahamWilliams, Rcv.Nehemiah 
Willianis,  and  Mi\  James  lVi?2throp,  be,  and  they  hereby  are  formed 
into,  conilituted  and  made  a  Body  Politic  and  Corporate,. by  the 
name  of  The  AtjericanAcademy  of  Arts  and  Sciences  ; 
and  that  they  and  their  fucceilbrs,  and  fuch  other  perfons  as 
ftiall  be  elected  in  the  manner  hereafter  mentioned,  Ihall  be,  arid 
continue  a  Body  Politic  and  Corporate,  by  the  fame  name  forever. 

*'  Aiid  be  it  further  cnaBed  by  the  authority  aforejaid.  That 
the  Fellov/s  ;of  the  fldd  Academy  may  from  time  to  time 
eleft  a  Prefident,  one  or  more  Vice  Prefidents,  one  or  more 
Secretaries, 'and  liich  other  Officers  of  the  iliid  Academy,  as  they 
fnall  judge  neceifary  or  convenient  ;  and  they  Ihall  have  full 
pov/er  and  authority  from  time  to  time  to  determine  and  efta- 
blifn  the  names,  number  and  duties,  of  their  feveral  officers,  and 
the,  tenure  or  eftatc  they  fhall  refpeciively  have  in  their  offices  ; 
and  alfo  to   authoriz^c  and  impov/er   their  Prefident,  or  fome 
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^'  other  Fellow  of  the  Academy,  at  their  pleafure,  to  adminiHer 
'*'  fuch  oaths  to  ilich  officers  as  they  fhall  appoint  and  determine, 
^'  for  the  well  ordering  and  good  government  of  the  faid  Academy:: 
"  provided  the  fame  be  not  repugnant  to  the  laws  of  this  State. 

*'  jind  be  further  enadedby  the  authority  af ore/aid.  That  the  Fellows 
-*«  of  the  faid  Academy  fhall  have  one  common  feal,  which  they 
-"  may  make  ufe  of  in  whatfoever  caufe  or  bufinefs  fhall  concern 
"  the  Academy,  or  be  relative  to  the  end  and  defign  of  its  inftitu- 
*'  tion  ;  and  fliall  have  power  and  authority  from  time  to  time 
^*  to  break,  change,  and  renew  the  common  feal,  at  their  pleafure  ; 
**  and  that  they  may  fue  and  be  fued  in  all  adions,  real,  perfonal 
-**  and  mixed,  and  profecute  and  defend  the  lame  unto  final  judg- 
*'  ment  and  execution,  by  the  name  of.  The  Prefident  and 
-^^  Fellows  of  the  American  Aca.dcmy  of  Arts  and  Sciences. 

"  And  be  it  further  .efiaded  by  the  authority  aforefaid.   That  the 

*^  Fellov/s  of  the  faid  Academy  may  from  time  to  time  elecft  fuch 

"  perfons  to  be  Fellov/s  thereof,  as  they  fiiall  judge  proper  ;  aad 

■"  that  they  fhall  have. full  power  and  authority  from  time  to  time, 

'*'  to  fufpend,  expel  or  disfranchife,  any  Fellow  of  the  faid  Acade- 

*'  my,  who  fhall  by  his  conduct  render  himfelf  unworthy  of  a 

'*'  place  in  that  body,  in  the  judgment  of  the  Academy  ;  and  alfo 

''*  to  fettle  andeftablifh  the  rules,  forms  and  conditions  of  election, 

'^*  fufpenfion,  expulfion  and  disfranchifement.     Provided-,,  That  th€ 

**  number  of  the  faid  Academy,  who  are  inhabitants  of  this  State, 

"  fhall  not,  at  any  one  time,  be  more  than  two  hundred,  nor  lefs 

"  than  forty. 

"  And  be  it  further  enaSled  by  the  authority  aforefaid.  That  the  FeU 

"  lows  of  the  faid  Academy  fhall  have  full  power  and  authority 

-^«  from  time  to  time,  to  make  and  ena6:  fuch  reafonable  rules,  or- 

"  ders  and  bye-laws,  not  repugnant  to  the  laws  of  this  State,  as 

"  fliall  be  necelTary  or  convenient  for  the  well  ordering  and  good 

"  government  of  the  faid  Academy  ;  and  to  annex  reafonable  pe-^ 

-«<  cuniary  fines  and  penalties  to  the  breach  of  them,  not  exceeding 

«  the  fum  of  twe?ity  pounds^  to  be  fued  for  and  recovered  in  any 

■"  Court  of  record  within  this  State,  in  the  name  and  for  the  ufe 

«  of  the  Prefident  and  Fellows  of  the  faid  Academy  ;  and  the 

'"  fame  rules,  orders  and  bye-laws  to  repeal  at  their  pleafure  :  And 

'«  alfo  to  fettle  and  eflablifh  the  times,  places,  and  manner  of  con- 

<^«  vening  the  Fellows  of  the  faid  Academy  :  And  alfo  to  deter- 

^«  mine  the  number  of  Fellows  which  fhall  be  prefent,  to  confli- 

"  tute  a  meeting  of  the  faid  Academy.     Provided,  That  the  Fel- 

r*«  JioY<s  of  the  faid  Academy  fhall  meet  twice  in  a  year  at  the  leafl^ 
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*<  and  tjiat  the  place  of  their  meeting  fhall  never  be  fnpre  than 
«  thirty  miles  cUftant  from  the  town  of  Sojion. 

*'  And  be  it  further  enaded  by  the  authority  afore/aid^  That  the  Fel- 
*'  lows  of  the  faid  Academy  may,  and  Ihall  forever  hereafter  ibe 
*'  deemed  capable  in  the  law  of  having,  holding,  and  taking  in 
*'  fee-limple,  or  any  lefs  eftate,  by  gift,  grant,  devife  or  otherwife, 
*«  any  lands,  tenements,  or  other  eftate,  real  and  perfonal :  Frovidedy, 
*'  That  the  annual  income,  of  the  faid  real  eftate,  Ihall  not  exceed 
"  the  fum  oifive  hundred  pounds^  and  the  annual  income  or  intcrcft 
"  of  the  faid  perfonal  eftate  fhall  not  exceed  the  fum  of  tiQQ  thoiifand 
<*  pounds.  All  the  fums  aforementioned  in  this  ad  to  be  valued  in 
<^'  filver,  at  the  rate  oifixJhiUin^s  and  eight-pence  by  the  ounce.  And 
'<  the  annual  intereft  and  income  of  the  faid  real  and  perfonal  eftate,,- 
«*  together  with  the  fines  and  penalties  aforefaid,  fhall  be  appro- 
'*  priated  for  premiums  to  encourage  improvements  and  difco- 
"  veries  in  agriculture,  arts  and  manufactures,  or  for  other  pur= 
«  pofes,  conuftent  with  the  end  and  defign  of  the  inftitution  of  the 
'«  faid  Academy,  as  the  Fellows  thereof  fhall.determine. 

^^  And  be  it  further  enacied  by  the  authority  aforefaid.  That  the 
"  end  and. defign  of  the  inftitution  of  the  faid  Academy  is,  to  pro- 
*^  mote  and  encourage  the  knowledge  of  the  antiquities  of  America^ 
«  and  of  the  natural  hiftory  of  the  country,  and  to  determine  the 
"  ufes  to  which  the  various  natural  productions  of  the  country 
*^  may  be  applied  ;  to  promote  and  encourage  medical  difcoveries,, 
**  mathematical;  difquifitions,  philofophical  enquiries  and  experi- 
^  ments  ;  aftronomical,  meteoixDlogical  and  geographical  obferva- 
**  vations  ;  and  improvements  in  agriculture,  arts,  manufac1:ures 
«  and  commerce  ;  and  in  fine,  to  cultivate  every  art  and  fcience, 
«^  which  may  tend  to  advance  the  intereft,  honor,  dignity  and 
'^  happinefs  of  afree,  independent  and  virtuous  people.. 

"  And  it  is  further  enacledy  That  the  place  where  the  firft  meeting: 
«  of  the  Fellows  of  the  faid  Academy  mall  be  held,  fhall  be  the' 
«  Philofophy  Chamber  in  the  Univerfity  oi Cambridge-,  and  that  the 
*'  Honorable  James  Boiudoin,  Efq;  be,  and  he  hereby  is  authorifed. 
*'  and  empowered  to  fix  the  time  for  holding  the  faid  meeting, 
«^  and  to  notify  the  fame  to  the  Fellows  of  the  Academy,'* 

Such  is  the  bafis,  upon  which  this  inftitution  is  placed. 

Not  many   months  after  this  ad  of  incorporation  was  paffed, , 
theflatutes  were  formed,  the  body  became  organized,  and  com- 
munications were  received.      From   the  communications  till  the, 
end  of  the  year  1783,  the  following  vglvmie  is  now  offered  to  the: 
ipubhc.  This 
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This  country  being  young,  and  few  aniong  us  having  fucK  afflu- 
ence and  leifurc  as  to  admit  of  their  applying  much  time  to  the  culti- 
vation of  thefciences,  and  to  the  making  of  improvements  in  arts, 
manufadures,  agriculture,  &c.  it  will  not,  at  prefent,  be  expefted, 
that  this  Academy  Ihould  vie  with  fimilar  inftitutions  in  old  coun- 
tries, where  they  have  peculiar  advantages  for  fuch  profecutions. 
Yet,  it  is  hoped,  that  the  following  papers  will  not  be  reckoned ' 
ufelefs,  nor  prove  unacceptable  to  the  public. 

The  aftronomical  and  mathematical  papers,  in  this  volume,  will, 
perhaps,  be  the  leaft  entertaining  of  any  in  the  collection,  and  will 
have  the  fmalleft  number  of  readers.  However,  they  are  ufeful  in 
fuch  a  work.  Few,  if  any  of  them,  contain  deep  fpeculations  and 
obftrufe  refearches  and  calculations  ;  but  they  are  chiefly  of  the 
practical  kind.  The  aftronomical  pieces  principally  exhibit  fuch 
obfervations  and  dedudions,  as  are  fubfervient  to  the  caufe  of  ge- 
ography and  navigation,  the  improvement  of  which  is  of  great 
importance  to  this  country.  And  as  aftronomical  obfervations 
may  be  applied  to  ends  fo  valuable,  it  is  earneftly  to  be  willied,  that 
every  gentleman  capable  of  it,  wOuld  improve  every  opportunity 
to  make  them  with  accuracy,  and  when  made,  would  kindly  com- 
municate them  to  the  Academy.  Thefe,  and  all  mathematical  pie- 
ces, will  be  gratefully  received,  and  due  attention  paid  to  them,  by 
this  body. 

To  fome  readers,  the  fubjeftof  many  papers,  which  have  a  place 
in  the  phyftcal  part,  may  feem  unimportant  ;  but  it  ought  to  be 
remembered,  that  one  interefting  purfuit  of  the  Academy  is  the  na- 
tural hiftory  of  their  own  country ; — a  country,  where  the  arts 
of  defence  and  the  means  of  fubftftence  have,  hitherto,  almoft  en- 
groflcd  the  induftry  of  its  inhabitants  ;  v/here  the  foflii  and  ve- 
getable kingdoms  are  yet  unexplored,  and  perhaps,  tjieir  moft  va- 
luable produ6lions  ftiil  undifcovered. 

It  is  the  part  of  a  patriot-phiiofopher  to  purfue  every  hint — to 
cultivate  every  enquiry,  which  may  eventually  tend  to  the  fecurity 
and  welfare  of  his  fellow  citizens,  the  exteufion  of  their  commerce, 
and  the  improvement  of  thofe  arts,  which  adorn  and  embellilh  life. 
Nor  can  fuch  traces  and  veftiges,  as  may  occur,  of  the  manners  and 
refources-of  its  aboriginal  inhabitants,  be  unworthy  the  colledion. 
3efides  the  idea  thus  excited  of  the  condition  of  man  in  favage  life, 
.the  prefent  inhabitants  of  the  fame  climate  and  foil  may  thereby,  in 
fome  v/ay  or  other,  occafionaliy  receive  hints,  which  may  be  im- 
-proved  to  their  ov/n  advantage.    This  principie,wiuch  has  govern* 
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ed  the  Academy  in  making  the  fcledion,  will  account  for  the  in- 
tJ'oJuction  of  foinc  articles,  relating  to  the  natural  liiPcory  of  the 
country. 

Many  purfuits,  in  various  branches  of  natural  philofophy,  are  re- 
tarded, by  the  difliculty  of  obtaining  that  variety  of  inilruments, 
v/hich  can  be  had  only  from  thofe  countries,  where  the  manufac- 
tures, which  minifter  to  the  arts,  are  eftablifhcd  in  pcrfeclion.  But 
this  ditliculty,  it  is  hoped,  will  daily  Icflen,  and  ere  lung,  entirely 
ceafe. 

The  medical  pap^s  may,  probably,  contain  many  obfervationif 
not  entirely  new.  However,  this  ought  not  to  be  confidered  a  luf- 
iicient  objection  to  their  being  inferted  in  this  work,  bccauie  many 
important  difcovcries  in  pathology,  as  well  as  in  the  animal  oeco- 
nomy,  have  been  in  a  great  meafure  ufelefs  to  this  part  of  the  world, 
in  confequence  of  a  fituation  fo  remote  from  ancient  feats  of  learn- 
ing and  improvement.  And  of  fuch  publications  as  have  reached 
this  country,  the  fmallnefs  of  the  number  has  greatly  limited  their 
ufefulnefs,  as  but  few  have  had  opportunity  for  pcrufing  thenic 
In  points  merely  fpeculative,  this  inconvenience  has  been  Icfs  con- 
fequential ;  but,  in  practical  fcience,  deeply  to  be  regretted.  A' 
long  wr,  in  which  thefe  States  were  engaged,  deftroyed,  for  a 
time,  that  intercourfe,  by  means  of  which,  books  on  the  various 
arts  and  fciences,  and  fuch  as  contained  the  moft  modern  difcovc- 
ries and  improvements,  had  ufually  been  obtained.  The  contents 
of  fom.e  of  thefe  papers,  therefore,  though  they  may  afford  no- 
thmg  new  to  the  European,  yet,  to  many  American  readers  may 
have  the  recommendation  of  novelty. 

It  may  be  further  remarked,  that  althoug\hi  the  novelty  of  an 
^opinion  or  difcovery  m,ay,  fometimes,  more  advance  the  tam^e  and 
honour  of  the  author,  yet,  that  there  are  known  faa:s,  of  fuch  a 
nature,  that  the  repetition  of  them,  in  publications  of  this  kind, 
may  be  no  lefs  ufefui  to  the  world,  as  they  may  thereby  be  iTore 
forcibly  imprefled  upon  the  mind,  and  conveniently  adverted  to, 
in  common  practice. 

^  Upon  thefe  principles  the  Academy  conceived  it  to  be  their  in= 
difpenfible  duty  to  publiih,  by  means  beft  adapted  to  the  purpofe 
of  diftufmg  their  utility,  fuch  experiments  and  obfervations,  a&, 
though  not  new,  yet,  not  having  been  fufficiently  attended  to,  may 
be  more  extenfively  applied  towards  perfecting  the  prefer.t  modes 
of  praaice  in  this  country,  as  well  as  to  comm.unicate,  by  the  ear- 
heft  opportunities,  fuch  difcoveries,  as  may  lead  to  the  invefiiga- 
tion  of  impoi;tant  phenomena,  in  the  animal  oeconomy. 

B  It 
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It  is  obvious  that  the  following  work  is  well  calculated  for  anr- 
fwering  thefe  intentions.  The  circulation  of  it  will  be  principally, 
confined  to  thefe  States  ;  and  as  a  repolitory  of  mifcellaneous  pa- 
pers on  the  fubje^l  of  phyfic  and  furgery,  it  will,  doubtlefs,  gene- 
rally fall  into  the  hands  of  gentlemen  of  the  faculty  in  this  coun- 
try ;  a  circumftance,  which  will  very  rarely  take  place,  with  re» 
fpecl  to  any  publication  imported  from  abroad. 

The  Members  of  the  Academy  are  difpofed  to  do  every  thing  in 
their  power  to  promote  the  defigns  of  the  inftitution  ;  but  they 
are  fenfible,  that  much  aid  is  wanted  from  others  ;  and  they  are 
happy  to  have  it  in  their  power  to  acquaint  the  public,  that  from 
the  number  of  valuable  communications,  which  have  been  made 
by  gentlemen  in- various  parts  of  the  country,  there  is  reafon  to 
expect,  that  their  afliftance  will  be  continued,  and  fuch  materials 
furnifhed,  as  will  not  be  unworthy  the  notice  of  the  public,  which 
it  is  the  fincere  wiih  of  the  Academy  to  ferve.  And  from  that  ex- 
pe<5lation,  and  the  great  encouragement  given  to  the  printing  of. 
this  volume,  they  have  the  plealing  profpedj  that  they  Ihall  be 
able  to  publifh  a  fucceflion  of  volumes.  The  papers  they  now  have 
in  their  hands  will  go  a  confidcrable  way  towards  another  ;  and 
they  doubt  not,  they  fliall  foon  have  fufficient  to  complete  it. 

There  is  now  an  ample  field  opened,  in  this  country,  in  which 
the  ingenious  may  expatiate  ;  and  men  of  various  turns  of  mind 
may  employ  their  leifure,  not  only  to  their  own  amufement  and 
improvement,  but  alfo  to  the  emolument  of  the  community. 

Agriculture  ftands  in  great  need  of  attention.  As  the  folid 
profperity  of  the  country  will  much  depend  upon  the  cultivation 
of  our  lands,  too  much  regard  cannot  be  paid  to  this  fubjed.  To 
examine  the  various  foils,  and  determine  what  each  is  beft  adapted 
to  produce  ;  to  afcertain  the  moft  fuitable  manures,  and  the  means 
of  increaiing  them  ;  to  devife  methods  to  fecure  the  fruits  of  the 
field,and  of  the  trees  from  blights  and  deftrudive  infects,  will  afford 
a  fine  opportunity  for  experiments,  which,  it  is  hoped,  will  engage 
the  minds  of  the  curious  and  inquifitive,  and  meet  with  encourage- 
ment from  gentlemen  of  property. 

The  genius  for  natural  hift:ory  may  have  a  large  range,  as  the 
foflil,  the  vegetable  and  animal  kingdoms,  in  this  part  of  the 
world,  lie  before  him. 

There  will  be  ample  room  for  the  refearches  of  the  Botanift 
and  Chymifi:,  who,  while  they  purfue  their  refpeclive  branches, 
may  greatly  contribute  to  the  advancement  of  the  healing  art, 
which  is  of  the  higheft  importance  to  the  inhabitants  of  a  country. 

The 
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The  labors  of  the  Aftronomer  arc  much  needed,  and  v/ill  be 
peculiarly  ufeful, — particularly  thofe  obfcrvations  and  calculations, 
which  will  ferve  to  perfect  the  geography  of  the  country,  and 
'improve  navigation,  as  has  before  been  intimated.  Hereby,  the 
boundaries  between  one  State  and  another  in  the  Union,  may  be 
accurately  determined,  and  difputcs  prevented  or  fettled  ;  the 
latitudes  and  longitudes  of  cur  fea-ports  and  head  lands  afcertained, 
and  our  intercourfe  with  foreign  nations  facilitated. 

The  various  mechanical  arts  and  manufa(5rures,  together  with 
commerce,  require  peculiar  attention  and  cultivation  ;  and  much 
maybe  expected,  from  that  fpirit  of  enterprife,  which  our  citizens 
are  known  to  poffefs.  Happily,  they  who  are  engaged  in  thefe 
feveral  branches  of  bufinefs  may  mutually  aid  each  other  ;  and 
every  improvement  they  make,  will  tend  to  enrich  and  aggrandize 
thefe  confederated  States. 

But  this  preface  would  far  exceed  the  proper  limits,  fhould  all 
thofe  branches  of  bufmefs  and  of  fcience  be  pointed  out,  which 
ought  to  be  attended  to  and  cultivated,  by  the  inhabitants  of 
thefe  States.  Let  it  only  be  added,  that,  fettled  in  an  extenfive 
country,  bordering  upon  the  ocean,  and  open  to  a  free  inter- 
courfe with  all  the  commercial  world — A  country  comprehending 
feveral  climates  and  a  rich  variety  of  foils,  watered  and  fertilized 
'by  a  multitude  of  fprings  and  ftreams,  and  by  many  grand  rivers, 
fome  of  them  admitting  of  a  fine  inland  navigation,- — the 
citizens  have  great  opportunities  and  advantages  for  making 
ufeful  experiments  and  improvements,  whereby  the  intereft  and 
•liappinefs  of  the  riling  empire  may  be  eflentially  advanced.  At 
the  fame  time,  enjoying,  under  a  mild  but  fteady  government^ 
that  freedom,  which  excites  and  rewards  induftry,  and  gives  a 
relifli  to  life-— That  freedom  which  is  propitious  to  the  diffuhon 
of  knowledge,  which  expands  the  mind,  and  engages  it  to  noble 
and  generous  purfuits, — they  have  a  ftimulus  to  enterprife,  which 
the  inhabitants  of  few  other  countries  can  feel.  May  they 
ever  be  as  virtuous  and  induftrious  as  they  are  free  !  May  a  fpirit 
for  advancing  every  kind  of  knowledge,  that  can  redound  to  their 
honor,  and  promote  the  emolument  and  happinefs  of  themfelves 
and  their  country,  more  and  more  prevail  !  And  may  all  their 
laudable  endeavors,  to  further  the  good  of  mankind,  be  crowned 
with  fuccefs  adequate  to  their  highefl  wiihes  ! 

'November  16,  ^785. 
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AMERICAN  ACADEMY  of  ARTS  and   SCIENCES. 


CHAP  T  E  R       I; 

Of  Officers,  and  the  manner. of  their  election. 

I.  np'HERE  Ihall  be  a  Preildent,  one  Vice-Prefident,  ten 
1  Counfellors,  two  Secretaries,  a  Treafurer,  a  Vice-Tr€a= 
furer,  and  a  Keeper  of  the  Cabinet  :  which  officers  fhall  be  annu- 
ally elected  by  written  votes  on  the  day  next  preceding  the  lafl 
Wednefday  in  May. 

2.  In  order  to  this  election,  the  Prefident,  or  in  his  abfence  the 
Vice-Preiident,  or  in  the  abfence  of  the  Prefident  and  Vice  Prefi- 
dent, the  fenior  Counfellor  prefent  fhall  take  the  chair,  at  three 
o*clock,  P.  M.  and  after  the  choice  of  three  fcrutineers  by  nomina- 
tion, the  ballot  fhall  begin  and  remain  open  till  five  o'clock,  at 
whicit  time  it  fhall  be  doled  ;  upon  which,  fhould  it  appear  in  any 
inftance  that  there  is  no  choice,  the  balloting  fhall  be  renewed  till  a 
choice  i^  made. 

3.  Each  Eledor  fhall  deliver  his  balloting  lift,  folded,  to  the  Pre- 
fident, and  a  fcrutineer,  fitting  by  the  Prefident  Nvith  a  lift  of  the 
Members  of  the  Academy  prefent  before  him,  fiiall  mark  the  name 
of  each  perfon  fo  delivering  in  his  lift,. 

4.  When  the  ballot  is  ciofed,  the  fcrutineer  fliall  fort  the  votes, 
and  report  the  lame  to  the.chair  ;  after  which,  the  prcfiding  mem- 
ber fliall  declare  the  perfons,  who  have  the  majority  of  votes,  to  be 
the  officers  refpedivel  7  f or  the  enfuing  year. 

5.  If  cither  of  the  Secretaries,  the  Treafurer,  or  the  Keeper  of  the 
Cabinet  cl^e,  refign,  or  be  removed  during  the  year,  at  the  next 
meeting  of  the  Academy  the  vacant  office  or  offices  fhall  be  filled  by 
written  votes  tor  the  remaining  pa  rt  of  the  year, 

6.  At 
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6:  At  all  elections  of  officers,  if  the  fufFrages  fhould  be  equal,  the 
decifion  fliall  be  by  lots  prepared  by  the  fcrutineers,  and  drawn  by 
the  Prefident. 

7.  Notwithftanding  the  eledion  of  officers  be  annual,  the  Aca- 
demy referve  to  themfelves  a  power  of  removing  any  of  them  for 
negled  of  their  truft,  or  difobedience  to  the  orders  of  the  Academy. 

8.  A  Meffenger  may  be  appointed  or  removed  at  any  meeting  of 
the  Academy. 

CHAP.       XL 

Of  the   'Prefident   and  Vice-PrefideJit. 

1 .  THE  bufinefs  of  the  Prefident,  or  in  his  abfence  of  the  Vice- 
Prefident,  or  in  the.  abfence  of  the  Prefident  and  Vice-Prelidentj 
then  of  the  fenior  Counfellor  prefent,  iliall  be  to  prefide  in  the 
meetings,  and  to  regulate  the  debates  of  the  Academy  and  Coun- 
cil ;  to  itate  and  put  queft:ioiis  both  in,  the  afiirmative  and  negative, 
according  to  motions  regularly  made  ;  to  call  for  reports  and  ac- 
counts from  Committees  and  others  ;  to  preferve  decorum  ;  to 
fummon  all  meetings  of  the  Council,  and  all  extraordinary  meet- 
ings of  the  Academy,  by  advice  of  Council,  upon  any  urgent  occa- 
nons  ;  and  to  execute  or  to  fee  to  the  execution  of  the  fiatutes  of 
the  Academy.  . 

2.  The  Prefident,  or  in  his  abfence  the  Vice-Prefident  or  pre- 
fiding  Counfellor,  is  empowered  to  draw  upon  the  Treafurer  for 
fuQ.h  fums  of  .money  as  the  Academy  fnall  direct, 

C    H^  A     V.        III. 

Of  the  Councih  ., 

I.  THE  Council  fhall  have  full  authority,  and  it  is  their  incum= 
bent  duty,  from  time  to  time,  to  originate  fuch  laws,  ftatutes,  or- 
ders and  conititutions,.  as  (liall  appear  to  them  to  be  neceilary  or 
udCeful,  according  to  their  judgment  and  difcretion,  for  the  regula- 
tion, government,  and  promotion  of  the  deugn  of  the  Academy  : 
all  which  laws,  ftatutes,  orders  and  couftitutions,  fliall  be  by  them 
prefentedat  a  meeting.of  the  Academy  for  the  approbation  of  the 
Feiiows;  alfo  to  prepare  fuch  other  matters  as  tliey  may  judge 
proper  to  be  purfued  by  the  Academy,  in  order  to  advance  in  the 
.t^ft  manner  the  end  of  its  jnftitution.    Neverthdefs,  no  Fellcw  is 
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hereby  precluded  from  laying  before  the  Academy  fuch  matters,  or 
_popofmg  fuch  laws, -as  he  iinli  Unnk  conducive  to  its  benefit. 

2.  The  Council,  with  the  Prelldent  andTrcafurer,  have  power  to 
make  conclufive  bargains  for  real  or  perfcnal  eilate,  for  the  bene- 
fit of  the  Academy,  and  to  rent  the  fame,  a^d  to  give  orders  con- 
cerning  the  improvrement  of  the  eftate,  goods,  lands  and  revenues 
of  the  Academy,  purfuant  to  the  orders  of  the  Academy. 

3.  Every  deed  or  writing  to  which  the  common  feal  is  to  be  af- 
fixed, (liali  be  paiTed  and  fealed  in  Council,  and  figned  by  the  Prefix 
dent,  and  four,  at  the  leaft,  ©f  the  CouncU. 

4.  During  the  recelTes  of  the  Academy,  the  Council  fliall  dired 
the  Secretaries  in  fuch  correfpondcnce  as  they  fiiall  find  expedient. 
The  whole  of  which  ihall  be  laid  before  the  Academy  at  its  next 
ineetinfi:, 

o 

5.  The  Council  fliall  order  fuch  papers  and  letters to  be  record- 
-ed  as  they  fliall  thirvk  proper^ 

CHAP.        IV. 

Qf  the  Secretaries , 

i.  ONE  of  the  Secretaries  fliall  have  the  charge  and  cuftody  of 
-the  Charter  and  Statute-Book,  Journal-Books,  Regifler -Books,  and 
all  literary  papers  belonging  to  the  Academy  ;  and  alfo  all  letters, 
after  they  have  been  recorded,  fnall  be  kept  by  him  on  file.  This 
Secretary,  if  poflible,  (hall  attend  at  all  meetings  of  the  Academy 
and  Council,  where,  when  the  prefiding  member  hath  taken  the 
chair,  he  Ihall  read  the  orders  and  entries  of  the  laft  precedent 
meeting,  and  fliall  take  notes  of  the  orders  and  tranfadions  of  the 
prefent  meeting,  to  be  entered  by  him  in  the  refpeftive  books,  to 
which  they  relate.  And  when  there  fliall  be  a  competent  number 
for  making  elections,  he  fliall  give  notice  of  any  candidates  that 
.lljall  fl;and  propounded  in  order  to  eledion  into  the  Academy. 

2.  The  other  Secretary  fliall  have  the  charge  and  cuftody  of  the 
letter-books  belonging  to  the  Academy.  He  ftiaU  attend  all  meet- 
ingsof  the  Academy  and  Council,  and  read  all  letters  fent  to  the 
Academy,  or  to  any  member  in  his  academical  capacity,  and  draw 
up  all  letters  to  be  written  to  any  perfons  in  the  name  of  the  Acade- 
my or  Council  (to  be  read  and  approved  of  in  fom^e  meeting  of  ei- 
ther, refpeclively)  except  for  fome  particular  caufe  and  confidera- 
tion^fome  other  perfon  or  perfons  be  appointed  by  the  Academy 

or 
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®r  Council,  to  draught  any  fuch  letter.  He  fliall  alfo  enter  all  let- 
ters that  fhall  be  directed  by  the  Academy  or  the  Council,  and 
when  entered,  the  originals  ihall  be  delivered  to  the  firft-mention- 
ed  Secretary  in  order  to  their  being  filed. 

3.  At  every  meeting  of  the  Academy,  the  Secretary,  in  whofe 
cuftody  the  letter-books  are,  ihall  read  any  entries  that  the  prefid- 
ing  member  fhall  dire<5l ;  and  the  Secretary,  in  whofe  cuftody  the 
originals  are,  fliall  have  with  him,  ready  to  produce,  the  file  of  all 
letters  received  fince  the  laft  precedent  meeting,  that,  if  it  be  re- 
quired, a  comparifon  may  be  made. 

4.  Each  Secretary  fliall  deliver  an  attefted  copy  of  any  tranfac- 
tion  of  the  Academy,  or  paper  belonging  to  his  particular  depart- 
ment, to  any  memxber,  upon  his  producing  a  written  licence  from 
the  Council  for  thatpurpofe  ;  and  to  any  other  perfon,  who  fliall 
produce  a  licence  from  the  Academy  figned  by  the  prefiding  mem- 
ber, and  in  no  other  cafe  whatever. 

5.  Whenever  any  copy  fliall  be  delivered  by  a  Secretary,  the  per= 
fon,  upon  receiving  it,  fliall  pay  him  fuch  fees  as  the  Academy  may 
eftablifli. 

G    H    A    P.      V. 

Of  the   'Treafurer  and  Vice-T^reafurer,- 

1 .  THE  Treafurer  and  Vice- Treafurer  fliall  give  fuch  fecurlty  as 
the  Academy  fliall  require  for  the  truft  repofed  in  them  refpedivelyo 

2.  The  Treafurer  fliall  receive  officially  all  monies  or  fums  of 
money  due  or  payable,  and  all  bequefts  and  donations  that  may 
be  made  to  the  Academy  :  and  by  order  of  the  Prefident  or  pre- 
fiding member,  fliall  pay  fuch  fums  as  the  Academy  or  the  Council 
fliall  dired,  purfuant  to  the  orders  of  the  Academy,  and  fliall 
make  no  diflDurfements  of  money  otherv/ife,  and  fliall  keep  a  par- 
ticular account  of  fuch  orders,  receipts,  and  payments. 

3.  All  monies  or  fums  of  money  whereof  there  fliall  not  be  pre- 
fent  occafion  for  expending,  or  difpofmg  to  the  ufe  of  the  Academy,^ 
fliafl  be  put  out  to  intereft  on  fuch  fecurities,  or  otherwife  dif- 
pofed  of  as  the  Academy,  or  the  Prefident  and  Council,  purfuant 
to  the  orders  of  the  Academy,  fliall  direct. 

4.  The  Treafurer's  accounts  fliaii  be  annually  audited  by  a 
Committee  appointed  by  the  Academy  for  that  purpofe.  In  which 
appointment  not  more  than  one  member  of  the  Council  fliall  be 
included,. 

5-  I» 
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5.  In  cafe  of  the  death,  refignation  or  removal  of  the  Treafurer, 
the  Vice-  fr ja~rurer  is  empowered  to  receive  all  books,  papers,  and 
effects,  that  were  in  the  cuftody  of  the  Treafurer,  and  wnich  be- 
long- to  the  Academy,  and  to  give  receipts  and  diicharres  for  the 
fame  in  the  name  of  the  Academy.  A  duplicate  of  wnich  figned 
by  the  Vice-Treafurer  fhall  be  filed  with  the  Prefident.  The  fame 
procefs  ihali  be  obferved  upon  the  choice  of  a  new  Treafurer,  and 
his    acceptance    of    the    office. 

C     H     A     P.       VI. 

Of  the    Keeper   of  the  Cabinet. 

1.  THE  Keeper  of  the  Cabinet  fhall  receive  and  have  in  hii 
charge  and  cuftody,  all  produftions  of  nature  and  works  of  art, 
that  fhall  be  purchafcd  by,  or  prefented  to  the  Academy.  He 
fhall  arrange  them  according  to  their  refpective  dalles  in  natural 

Jiiftory,  philofophy,  &c.  at  his  own  difcretion  ;  unlefs  he  be  di- 
rected therein  by  a  Committee  of  the  Academy  for  that  purpofe. 
He  ihall  alfo,  in  a  book,  to  be  kept  by  him,  regifter  the  various 
articles  in  claffes  correfpciding  to  the  arrangement  of  the  Articles 
themfelves,  with  the  deicription  that  may  accom.pany  the  article, 
the  donor's  name,  and  the  place  whence  taken  \  and  the  time 
when  prefented. 

2.  He-ihxill.:ittend  the  exhibitions  of  the  articles  in  his  cuftody, 
whenever  the  Academy  fhall  meet ;  and  no  perfon  fhall  be  admit- 
ted to  a  view  of  them  at  any  other  time,  unlefs  in  prefence  of  the 
"Keeper  of  the  Cabinet,  or  fom«  member  appointed  by  the  Council 
for  that  purpofe. 

3.  He  fhall  be  Librarian  to  the  Academy  'till  they  fhall  judge 
Sx.  expedient    to  appoint  a  diftincl  perfon  to  that   office. 

4.  He  fhall  give  fuch  fecurity  as  the  Academy  fhall  judge  proper 
for  the  faithful  difcharge  of  his  office,  and  for  furrendering  the 
articles  in  his    cuftody,  whenever    required    by  the  Academy. 

c   H   A   P.        vri. 

Qf  the   Meetings  of  the  Academy  and  Council, 

I.  THERE  fhall  annually  be  four  ftated  meetings  of  the 
Academy,  viz.  On  the  laft  AVednefday  in  January^  and  the  day 
next  preceding  the  laft  Wednefday  in  May^  at  Bojlon,  and  on  the 

Wedaefday 
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Wednefday  next  preceding  the  laft  Tuefday  in  Augujl,  and  the 
fecond  Wednefday  in  November  at  the  Univerfity  in  Cambridge. 
Provided  that  in  caie  the  Preiident  fhall  at  either  of  the  faid  an- 
nual meetings,  within  the  year  of  his  firft  appointment,  think 
proper  to  deliver,before  the  Academy,an  inaugural  oration  or  phi- 
lofophical  difcourfe,  the  place  of  fuch  meeting  may  be  at  Bofion^ 
or  Cambridge,  according  as  it  fliall  be  moft  convenient  to  hini  :  of 
which  he  Ihall  give  notice  at  fome  preceding  meethig  of  the 
Academy.^ — The'Council  fliall  alfo  meet  four  times  annually,  viz. 
On  the  firft  Wednefday  in  January,  and  the  firlt  Wednefday  in 
May,  at  Bojion  ;  and  on  the  firft  Wednefday  in  Auguji,  and  the 
third  Wednefday  in  October,  at  Cambridge  :  unlefs  it  Ihould  by  any 
means  be  unfafe  for  the  Academy  or  Council  to  convene  at  either 
of  the  places  above-mentioned,  at  the  times  fpecified.  In  which 
cafe  the  Prefident  with  the  advice  of  the  Council,  may  appoint  the 
next  ftated  meeting  of  the  Academy,  at  any  place  within  thirty 
miles  diftance  from BoJlon  ;  and  thePrefident  in  the  abovementioned 
cafe  may  appoint  a  meeting  of  the  Council  within  the  above  faid 
limits. 

2.  Extraordinary  meetings  of  the  Academy  may  be  called  at 
any  time  or  place  within  thirty  miles  diftance  from  BoJlon,  by  the 
Prefident  with  the  advice  of  the  Council.  And  extraordinary 
meetings  of  the  Council  may  be  called  by  thePrefident  within  the 
aforefaid  limits,  whenever  he  fliall  judge  it  neceftary. 

3.  Eleven  Fellows  fliall  be  prefent  to  conftitute  a  meeting  of 
the  Academy,  unlefs  for  the  purpofes  of  receiving  communica- 
tions, and  adjourning,  in  which  cafes,  fcven  fliall  be  a  quoTum. 
And  at  any  meeting  of  the  Council  the  prefiding  member,  with 
four  others  of  the  Council,  are  required  to  be  prefent,  in  order 
to  tranfad  any  bufinefs  proper  to  the   Council. 

4.  At  all  meetings  of  the  Academy  or  Council  the  Prefident,  and 
Vice -Prefident,  or  in  their  abfence, 'tlie'  prefiding  member  fliall 
have  a  right  to  vote  in  common  with  the  ot^her  members  of  either 
body  refpeclively. 

5.  No  perfon  fliall  be  introduced  to  any  meeting  of  the  Academy 
but  by  vote  of  the  Academy,  except  American  and  foreign  Am- 
baffadors,  members  of  Congrefs,  members  of  the  Supreme  Legif- 
lative  and  Executive  of  the  State  of  Majfachiifetts  for  the  time  be- 
ing, ^nd  members  of  fimilar  inftitutions  with  this  Academy,  who 
may  be  introduced  by  any  member  of  the  Academy. 
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6.  All  meetings  of  the  Academy  ihall  be  advertifed  in  two  at 
leaft  of  the  public  news-papers,  fourteen  days  previous  to  fuch 
meeting,  by  one  of  the  Secretaries  under  direction  of  thePrefident, 
or  in  his  abfencc  of  the  A^ice-Prefident,  or  prcfiding  member  of 
the  Council. 

7.  All  meetings  of  the  Council  fliali  be  notified  to  the  feveral 
members  by  billets  from  the  Prefident,   or  one  of  the  becretaries- 
under   direction  of  the  Prefident,  or  in  his  abfcnce,:  of  the  Vice- 
Prefident  or  prefiding  member  of  the  Council,  feven  days  at  leaii.. 
fcefore  the  tim^e  Hated  or  propofed  for  a  meeting. 

G     H     A     P.         VIIL 

Of  Fdlows, 

I.  NO  perfon  lliall  be.  elected  a  Fellow  of  the  Academy,,  unlefy- 
propofed  and  recommended  by  one  or  more  of  the  members,  nor 
nominated  to  the  Academy  until  he  has  firlt  been  propofed  to  the 
Council,  and  they  have  confented  to  inch   nomination  ;  and  the 
name,  place  of  abode,  and  addition  of  the  perfon  recommended,, 
fliall  be  delivered  in,  figned  by  the  propofcrs,  and  read  by  ons. 
of  the  Secretaries.     A  fair  copy   of  fuch  paper,  with  the  date 
when  delivered,  Ihall  be  hung  up  in  the  room,  where  the  Academy 
fhall  from  time  to  time  meet,  on  which  the  Candidates   may  be 
balloted  for  at  the  next,  or  fome  fucceeding  meeting.     And  if: 
three-fourths  of  the  Fellows  then  prefent  fliall  ballot  in  his  favor, 
he  fliali  be  a  member. 

•2.  Each  Fellow  refiding  in  the  State  oi Mafachufetts,  fliall  be  fub- 
je6:  to  an  annual  payment  of  Spanifi  milled  dollars  in  fpecie, 

or  an  equivalent  in  bills  of  the  current  exchange.  Fellows  with- 
out  the  State  fliall  be  fubjecl  to  no  other  annual  payment,  than 
they  voluntarily  confent  to. 

CHAP.      IX. 

Of  Proceedings   on   literary   Performances, 

1.  THE  Academy  will  never  give  their  judgment  or  opinion, . 
upon  any  literary  performances  prefented  to  them,  but  allow  it 
to  reft  upon  its  own  merit,   and  the  credit  of  its  luthor. 

CHAP. 
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CHAP,      X. 

Of  Oaths, 

I,  THE  Preiidcnt,  Vice-Prefident,  Counlcllors,  Secretaries, 
Treaiurer,  Vice-Treafurer  and  Keeper  of  the  Cabinet,  Ihall  each 
"ake  the  following  oath,  imitatis  7nutandis  :  \ 

I  A.  B.     ele(^ed  to  the  office  of  in  the  American  Academy 

of  Arts  and  Sciences,    dofuear,  that  I  'will,  according  to  m^ 
hef  judgment  and  difcretion^  faithfully  dif charge  the  duties  of  the 

truji  repofcd  in  inc.  "''' 

So  help  me  G  O  D. 


y//2  Explanation  of  the   Plate    in  the   title  Page. 

THE  principal  Hgurc  h\  it  is  Minerva.  At  her  right-hand  is  a 
field  of  Indian  Corn,  the  native  grain  o^  America.  The  profpecT: 
on  that  iide  is  bounded  I)y  an  hill,  crowned  with  Oaks.  On  the 
-declivity  of  the  lull,  towards  tJjje  fca,  appears  the  out-lkirt  of  a 
tovv^n,  the  body  of  which  is  concealed  by  the  hill.  About  the  feet 
of  Minerva  are  fcattercd  fcveral  infiruments  of  huibandry»  On 
her  left-hand  are  a  quadrant  ;and  a  telefcope,  a  profpecl  of  the 
"lea,  with  a  fhip  ftecring  towards  the  town  ;  and  the  fun  rifmg^ 
and  appearing  complcatly  above  the  cloud,  in  which  it  rofe.  Over 
the  Vvdiole,  the  motto  Stib  lteertate  florent. 

The  device  rcprefents  the  fituation  of  a  new  country,  depend- 
ing principally  on  agriculture  :  but  attending  at  the  fame  time  to 
arms,  commerce,  and  the  fciences.  The  fun  abovs  the  cloud 
rcprefents,  not  only  our  political  ftate  in  1780,  when  the  Academy 
was  firft  incorporated,  but  alfo  the  riling  R^itc  of  America,  in  re- 
gard to  empire,  and  the  arts  and  fciences. 

The  motto  conveys  the  general  idea,  that  arts  and  fcienccr. 
/flourifh  bell   in  free  States.  ' 
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Gentlemen  of  the  American  Academy  ©/"Arts  a/z^  Sciences  ! 
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placed.  But  if  a  defeat  of  abilities  could  be  compenfatcd  by  a 
good  will  to  ferve  its  intereft,  and  promote  the  end  of  its  infti- 
tution,  I  Ihould  have  the  fatisfaclion  to  think  myfelf  not  wholly 
unqualified  for  the  flation,  with  which  your  fuffrages  have  ho- 
noured me. 

It  is  in  difcharge  of  the  duties  of  it,  that  I  appear  in  this 
place :  and  in  the  difcharge  of  them,  both  at  prefent  and  on  fu- 
ture occafions,  as  I  greatly  need  it,  fo  I  doubt  not  I  fhall  al- 
ways experience  your  candour  : — the  candour,  which  ever  ac- 
companies generous  minds,  and  is  the  refult  of  the  due  exercife 
of  the  focial  affedtions. 

The  focial  affedtions  in  man  are  the  principal  fource  of  his 

E  happinefs  ^ 


N.B.  At  the  defire  of  theAcademy,  cxprefTed  by  their  vote  of  tlie  8th  of  Novepiber, 
1780,  this  Difcourfe  was  foon  after  publilhed. 
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happlnefs ;  and  the  operation  of  them,  as  directed  by  his  wants, 
and   other  circuni fiances,  forms   his    connexions  in   fociety. 
Their  firfl;  objeds,  in  the  order  of  nature,  are  our  relations  and 
near  friends  ;  next  to  thefe  our  neighbours  and .  countrymen 
fucceed  ;   then  the  people  of  other  countries,  in  political  con- 
nexion with  us  ;  and  in  the  lafl  place,  mankind  in  generaL. 
In  proportion,  however,  as  thefe  obj efts  are  more  remote,  thofe 
affedtions  are  the  lefs  pov/erful.     After  operating  on  their  firfl 
objeds  in  our  family  connexions,  and  carrying  us  to  the  vici- 
nity, they  are  drawn  forth  more  particularly  to  fuch  individuals  - 
as  difcover  a  likenefs  to  ourfelves  in  genius  and  difpofition  ;  and 
appear  to  have  interefls  co-incident  with  our  own.     The  ac- 
quaintance thus  begun,  flrengthens- and  improves  by  time  ^  and 
the  pleafure  and  mutual  benefits,  refulting  from  it,  prompt  Uj, 
to  continue  and  enlarge  it.     Thefe  focial  circles  increafe  with, 
population,  and  at  length  occafion  the  eflablifhment  of  focietie?>. 
more  eifeXually  to  fecure, thofe  benefits,  and  render  them  per--*, 
manent.     But  the  focial  principle  is  of  a  nature  fo  aXive  and, 
eomprehenfive,  that  it  leads  maplvind  to  afibciate  in  larger  bodies ;  .■ 
and  to  eflablifh  great  communities,  in  which  the  Hrength  and, 
abilities  of  individuals  being  united  and  confolidated,  each  indi- 
vidual perlbnally,  as  well  as  the  community  at  large,,  may  en-, 
joy  the  fecurity,  and  advantages,  refulting  from  that  union.. 

Hence  have  originated  government,  and  the  various  political, 
connexions,  fubfervient  and  neceflary  to  it.     Hence,-  amidfl  a... 
variety  of  others  of  different  kinds,  have  fprung  the  numerous  >. 
inflitutions  for  promoting  philofophical  knowledge,  and^inyefli- 
gating  the  works  of  nature  :  among  which,  fomc  in  Eiirjpp^ 
and  in  particular,  the  Royal  Academy  of  Sciences ^atP^^r/j-,  and 
the  Royal  Society  cf  Loudon^  bear  a  diflinguifhed  charatfler. 

Hence 
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Hence  too,  the  focietles  of  a  fimilar  nature,  which  begin  to 
adorn  America  ;  particularly  the  Philofophical  Society  at  Pbik- 
delpbia,   whole  firll  ellays,  fo  ingcnioufiy  executed,  are  received 
by  us  as  a  pledge  for  ftill  nobler  produdtions.    It  is  hoped  they 
will  excite  in  this  new-formed  fociety,  a  generous   ardour   and 
emulation   in  the  Ame  hud.ible  purfults  ;  and   that,    as  optic 
glailes,  by  collecting  the  folar  rays,  do  affiH:  and  ftrengthen  the 
corporeal  fight,  fo  the  two  foci*ties,  by  concentering  in  a  pro- 
per focus  the  fcattered  rays  of  fcience,  may  aid  and  invigorate 
the  intelledual  :   benefiting  by  their  produdtionr^    not  only  the 
communities   in   which    they   are   refpedively  inftituted,  but 
America  and  the  world  in  general  :  both  together  refembling 
fome  copious  river,  whofe  branches,  after  refrefhing  the  neigh- 
bouring region,  unite  their  waters  for  the  fertilizing  a   more 
extcnfive  country. 

The  end  and  defign  of  inflituting  this  fociety  are  fully  declared 
in  the  a(ft  of  the  legislature  for  its  incorporation  :  namely,  *'  to 
promote  aad  encourage  the  knowledge  of  the  antiquities  of 
America,  and  of  the  natural  hiflory  of  the  country  ;  and  to  de- 
termine the  ufes,  to  which  its  various  natural  produ^flions  may 
be  applied  :  to  promote  and  encourage  medical  difcoveries  -,  ma- 
thematical difquifitions  ;  philofophical  enquiries  and  experi- 
ments ;  agronomical,  meteorological,  and  geographical  obfer- 
yations  ;  improvements  in  agriculture,  arts,  manufa(5tures  and 
commerce  ;  and,  in  fine,  to  cultivate  every  art  and  fcience, 
which  may  tend  to  advance  the  intereft,  honour,  dignity  and 
happinefs  of  a  free,  independent,  and  virtuous  people," 

Here  is  opened  a  wide  and  extenfive  field,  which  the  fons  of 
literature  are  invited  to  cultivate  and  improve  :  a  field  of  the 
richeft  foil,  fo  varied  in  its  qualities,  as  to  be  adapted  to  every 

mode 
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mode  of  cultivation.  Here  they  will  find  abundant  matter  for 
the  employment  of  their  induftry;  and  the  moft  ample  room  for 
the  exercife  of  their  genius,  in  its  utmofl  power  of  expanfion. 
Here  they  are  direded  to  the  fountain-heads  of  fcience,  at 
which  they  are  invited  to  recreate  themfelves ;  andof  whofede- 
licious  waters  they  may  drink  without  the  danger  of  intoxica- 
tion :  or  in  cafe  of  danger,  contrary  to  the  eiibil  of  fome  other 
waters,  it  diminifhes  in  proportion  to  the  largenefs  of  the 
draught :  as  intimated   in  the  elegant  lines  of  a   well-known 

poet. 

*«  A  little  learning  is  a  dangerous  thing  : 

Drink  deep,  or  tafle  not  the  pierian  fpring. 

There  fliallow  draughts  iatoxicate  the  brain ; 

And  drinking  largely  fobers  us  again."* 
We  fhall  now  take  a  curfory  view  of  fome  of  the  fubjedrs, 
which  are  to  employ  the  enquiries  and  refearches  of  this  fociety  ^ 
and  which  we  fhall  notice  in  the  order  obferved  in  the  aft  for 
incorporating  it :  making,  in  our  progrefs,  a  few  obfervations, 
that   naturally  refult  from  them. 

The  antiquities  of  America,  -f-  are  the  firfl  mentioned. — A 
knowledge  in  the  antiquities  of  a  country  neceifarily  implies  a 
knowledge  of  its  antient  hiflory  j  and  the  refearches  into  them 
lead  directly  to  the  fourcc  and  original  of  things. 


It 


*  Papers  e/Tay  on  critlcifei. 

f  Salve,  magna  parens  frtigum,   Vefputla   telliiSy 
Magna  inrum  :  till  res    antiqua;   laudls   et  art'ts 
Jngrediar,    fan^os  aiifus  recludere  fontes. 


V'iRG  :  Georg  :  '2, 


The  /American  Academy  is  here  perfonated  ;  and  the  res  antiqua  latidis,  Ssfr.— arc 
to  be  confiJered  as  fubjeds  of  their  future  enquiry. 
■       The    compliment  paid  to  our  country  by  fubftltuting  VefpuUa  for  Saturma,  it 
is  hoped,  will  be  as  jaftly  applicable  to  it  as   Fir^il's  wsls  to  Italy, 
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It  is  very  pleafing  and  inftruftive — to  recur  back  to  the  early 
ao-es  of  mankind,  and  trace   the  progreffive  ftate  of  nations  and 
empires,  from  infancy  to  maturity,  to  old  age,  and  diifolution : — 
to  obferve  their  origin,  their  growth  and  improvements,  their 
different   governments    and   lav/s,    their   variant   cuiloms    and 
religion  : — to  obferve  the  progrefs  of  the  arts  among  them, 
which  at  iirfl  were  few  and  rude,  fuggeflied  by  their  wants  and 
neceffities,  but  gradually  increafmg  in  number  and  perfedion, 
in  proportion  to  the  enlargement  of  the  community,  and  as  the 
culture  of  them  was  encouraged  : — to  obferve  the  rife   and 
gradual   advancement   of  civilization,   of  fcience,   of  wealth, 
elegance,  and  politenefs,  until  they  had   obtained  the  fummit 
of  their  greatnefs  : — to  obferve  at  this  period  the  principle  of 
mortality,  produced  by  affluence    and  luxury,    beginning   to 
©perate  in  them  :  manifefting  itfelf  with  greater  or  lefs  vigour 
in  a  variety  of  vi^ays^  and  finally  terminating  in  their  diifolution, 
brought  upon  them  by  the  vices  attendant  on  luxury.    Debili- 
tated, by  thefe,  and  incapable  of  defending  themfelves  agalnft  a 
.  vigorous  im'afion,  their  more  hardy  neighbours,  invited  by  that 
circum fiance,  and  perhaps    irritated   by  the  infolence,  which 
national   affluence  aiid  luxury  infpire,  invaded  and  fubjugated 
tliem.     In  line — to  obferve,  after  this  catailrophe,  a  new  facC' 
of  things  ;  new  kingdoms  and  empires  rifing  upon  the  ruins  of 
the  old  ;  all  of  them  to  undergo  like  changes,  and  to  fuffer  a 
iimilar  diiTolution.. 

Of  thefe  events  ancient  hiflory  exhibits  the  moft  convincing, 
and  inftrudive  evidence  :  particularly  the  hiilory  of  the  four ' 
great  em.pires,  the  Ajlyricn,  tlie  Ferjian,  the  Macedonian,  and 
^^^  Roman:    which,  like    their    founders,    have   lonp-    a^^o, 
fuifered  the  fate  incident  to  every  thing  human. 

The 
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The  knovvledge  of  thefe  events  is  fo  intimately  conne£led 
with  the  knowledge  of  antiquities,  that  it  is  derived  from  the 
fame  fource.  Such  too  is  the  connedlion  between  ancient  hif- 
tory  and  antiquities,  and  fuch  the  mutual  affiflance  afforded  to 
each  other,  that  as,  on  the  one  hand,  ancient  hiflory  iiluflrates 
and  explains  antiquities,  fo,  on  the  other,  antiquities  ferve  to 
verify  und  authenticate  ancient  hiftory,  or  to  corrccl  its  errors  : 
and  they  fometimesgive  us  a  know^leage,  or  intimation  of  things, 
not  recorded  in  hiflory.  Antiquities  are  Afo  incidentally  bene- 
ticial,  by  means  of  the  political  and  other  ufeful  knowledge, 
refulting  from  the  difquifitions  neceffary  to  explain  themi. 

With  refpedl  to  A/?Krica, — there  may  be  many  things  of 
European  extradion,  that  come  under  the  name  and  defcripticn 
of  antiquities.  So  far  as  relate  to  general  laws,  cufloms 
and  religion,  they  are,  for  -the  moil:  part,  homogeneous 
with  what  took  place  in  the  fiime  age,  and  in  the  countries, 
from  which  the  firft  European  colonifls  emigrated  ;  and  it  is 
probable  they  may  be  learnt,  cr  explained,  by  the  general  or 
antiquarian  hiflory  of  thofe  countries.  Thefe  things,  together 
with  what  was  peculiar  to  thofc  emigrants,  and  worthy  of  notice, 
if  not  already  recorded  in -^;;zcr/V^;2  hiflory,  will,  with  other 
remains  of  antient  times,   be  proper   fubjeds  of  our  enquiry. 

Whatever  relates  to  the  aboriginal  natives  of  America^  not 
already  noticed  in  hiflory,  may  be  comprized  in  a  very  narrow 
compafs.  Their  want  of  civilization,  and  improvement,  and 
in  particular  their  total  want  of  literature,  by  which  the  fmall 
degree. of  knowledge  they  acquired  by  experience,  might  have 
been  tranfmitted  to  fucceeding  generations,  will  juflify  the 
the  opinion,  that  the  prefent  race  of  them,  in  manners  and 
condudl,  differ  very  little  from  their  anceflors,  who  lived  cen- 
turies ago  :  excepting  in  fome  few  particulars,  occafioned  by 

their 
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their  intercourfe  with  foreigners.  It  may  naturally  be  conjedured^ 
therefore,  that  the  ancient  and  modern  liiftory  of  thefe  people, 
with  the  exception  of  what  might  regard  their  wars,  would 
appear  but-little  more  than  a  tranfcript  of  each  other  -,  and  that 
it  would  be  in  vain  to  fearch  among  them  for  antiquities. 

Rris  not  improbable  ho  vyever,  there  maybe  many  ancient 
hiflorical  records,  and  otlicr  valuable  remains  of  antiquity,  both 
American  ^rAE^iropeariy  in  the  poiTeffion  of  defcendants  from 
families,  \\kich   firil    fettled  America  ;  and  of  other  perfons 
upon  this   continent.     It  v/erc  to  be-  wifhed,    that    gentlemen 
pofleifed,  or  knowing)  of  fuch' remains,  or  of  any  kind  of  col- 
lections likely  tocontain  fach',  would  caufe  them  to  be  examin- 
ed ;  and  if  they  tend  to  elucidate,  enlarge,  or  corre6t  hiftory  5 
cr  in  any  other  ww  can  be   beneficial  to  the  pubUc,    that  they 
would  have  the  gcodnefs  to  communicate  to  this  fociety  fome 
account  of  them  :  which,  at  the  fame  time  it  Vvdll  charad:erize 
them  benefadtors  to  the  public,  will  entitle  them  to  the  thanks 
of  the  fociety. 

The  fubj€6t  next  mentioned  in  the  ^0:  is  natural  hiftory. — 
The  fociety  are  to  encourage  the  knowledge  of  the  natural  hif- 
tory of  the  country,  and  to  determine  the  ufes,  to  which  its 
various  natural  productions  may  be  applied. 
•  Natural  hiftory  is  a  copious  fubjecfl,  or  rather  it  includes  a 
very  great  variety  of  fubjeds.  The  feveral  claftes  of  animals, 
vegetables,  minerals  and  foffils — in  Ihort,  every  thing  produced 
by  nature,  v/heth'er  in  the  earth,  the  fea,  or  air,  incluftve  of 
theie,-   are  v/ithin  its  denirtment. 

The 'knowledge  of  it  is  fo  neceifary  to  the  good  of  mankind, 
that  it' has  been  cultivated  in  its  feveral  branches,  perhaps  niore 
than  any  other  part  of  fcience  ;  and  in  proportion  to  that  culti- 
vation, 
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vation,  the  properties  and  qualities  of  things,  and  their  fitnefs 

for  certain  ufes,  have   been   difcovered.      This   difcovery  has 

occafioned  the  application   of  them  to  thofe  ufes  ;  and  thofe 

have  led  to  others,  according  as  the  wants,  or   the   inventive 

faculties   of  man  have  dir^ded.     Hence  v^e  have  derived  the 

convenienceb  and  ornaments  of  life,  and  every   improvement  in. 
the  arts  of  living. 

At   jfirfl:  hov^ever,  at  the  origination  of  man,  when  it  was 
indifpenfibly  necefTary  he  fliould  be  fupplied  with  the  means  of 
fubfifbence,  before  he  had  acquired  fufficient  knowledge  and 
ability  to  provide  for  himfelf,  his  beneficent  Creator,  the 
iirfl  and  the  fupremely  great  Naturalift,  made  known    to  him 
the  nature  and  qualities  of  things,  and  the  ufes  to  which  they 
might  be  applied,  fo  far  as  man's  well-being  required  •    and 
having  provided  for  that,  and   endowed   him  with  fufficient 
faculties,  he  was  pleafed  to  leave  him  and  his  pofterity,  to  the 
exercife  of  thofe  faculties,  for  the  gaining  a  further  degree  in 
natural  knowledge  :  in  proportion  to  which,  and  to  their  im- 
proving it  to  thepurpofes,  for  which  it  was  adapted,  he  intended 
their  future  accommodations  fliould  be.   Accordingly,  in  differ- 
ent nations,  from  a  greater  or  lefs  exertion  of  equal  faculties, 
or  from  a  happier  application  of  them,  we  find  a  greater  or  lefs 
degree  of  natural  knowledge  and  improvements,  and  a  propor- 
tionable difference  in  their  refpedlive  conveniences  and  accom- 
modations.    Hence,  with  regard  to  thefe  latter,  the  difference 
between  Europe  and  Africa  ;  between  the  mofl  improved,  and 
befl  accommodated,  of  mankind,  and  the  Hottentots.     But  if 
their  natural  faculties  are  unequal,  colledlively  taken,  as  probably 
is  the  cafe,  the  reafon  of  that  difference  will  flrike  us  the  more 
forcibly. 

On 
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On  the  fuppofition  of  fuch  inequality,  it  may  In  a  great 
meafure  be  accounted  for,  by  the  operation  of  natural  caufes  : 
fo  altho'  before  the  difperfion  of  mankind  over  the  earth,  which 
their  increafed  numbers  made  necelTary,  the  human  faculties, 
by  reafon  of  a  famenefs  in  fituation  and  other  circumflances, 
might  in  general  be  equal,  yet  in  procefs  of  time  an  inequality 
would  probably  take  place  from  a  change  of  climate. 

Different  climates  differ  greatly  in  their  degrees  of  heat  and 
cold,  as  well  as  in  their  natural  productions.    The  tendency  of 
immoderate  heat  is  to  relax,  unbrace,  and  debilitate  the  human 
frame,  and  thereby  dimini/h  the  powers  of  the  mind  as  well  as 
body,  and  indifpofe  them   to  exercife  and  application  :  which 
indifpofition,  flrengthened  by  the  force  of  habit,  at  length  be- 
comes infurmountable. — On  the  other  hand,  immoderate  cold 
too  much  contrads,  and  gives  too  great  a  degree  of  rigidity  to, 
the  fibres,  and  nervous  fyflem  -,  and  thereby  making  them  lefs 
fufceptible  of  quick  and  lively  fenfations,  mufl  proportionably 
af^ed  the   mind.     Hence,  in  both  cafes,  an  inferiority  of  in- 
telleds.     But  in  climates,  duely  tempered  with  heat  and  cold, 
where  the  organs  of  fenfe  and  motion  are  in  due  tone,  it  may 
be  expeded,    if  this   theory  be   true,  that  mankind  will   be 
capable  of  greater  exertions  both  of  mind  and  body,* 


*  The  Baron  i&  Moniejqumi,  in  his  Spirit  of  La'Lvs,\  where  he  treats,  Of  Ae  difFer- 
ence  of  men  in  different  climates,  although  he  confiders  the  effed  of  climate,  more 
■«.s  it  rehitei  to  the  paffions,  than  to  the  underftanding,  fuppofes  not  only  that  the 
difference  is  owing  to  different  degrees  of  heat  and  cold  ;  but  that  in  proportion  to 
them  the  body  and  mind  are  lefs  or  more  vigorous. 

It  this  be  the  cafe,  what  is  faid  above  refpefting  the  effecfl  of  climates  is  not  wholly 
juft  :  for  there  it  is  fuppofed,  that  immoderate  cold,  as  well  as  heat,  diminifhes  the  ' 
vigour   of  both. 

The  latter  fuppofition  may,  in  fome  meafure,  be  fupported  by  the  hiftory  of  the 
people  living  in  the  northern  parts  of  Norway,  Sweden,  Rufia,  Lapland,^nd  Siberia, 
whofe  characters,  both  as  to  mind  and  body,  do  not  give  u«  any  exalted  idea  of 
the  vigour  or  ability  of  either. 

t  Book  xlv.  ehap.  z.  Nu^end  tranflatloH,  tlic  id.  edit. 
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It  will  not  from  hence  follow,  that  the  exertions  of  different 
nations,  dwelling  in  the  fame  latitudes  and  climates,  fhould  be 
equal :  for  on  the  fuppofition  of  equality  of  capacity,  there  may 
be  a  variety  of  things,  on  which  their  exerting  it  may  depend  i 
fueh  as  education,  religion,  government,  and  other  circumflances, 
or  the  appearance  of  fome  happy  genius  to  inilrud:  and  direct 
them :  and  as  thefe  fhould  happen  to  differ  and  influence  them., 
their  exertions  would  be  proportionably  different. 

By  way  of  illuftration,  *  we  may  inftance  in  what  has  taken 
place  among  ourfelves  3  and  afk,  whether  the  people  of  thefe 
United  States,  whole  natural  capacity,  without  doubt,  equals 
that  of  Europeans  in  the  fame  temperate  climates,  would  in  cer- 
tain different  circumftances,  have  oppofed  the  unreafonabls 
claims  of  Britain  upon  them  ?  Would  they,  if  at  all,  have  ex- 
erted themfelves  fo  vigoroufly  againft  her  inflaving  domination, 
if  they  had  not  been  educated  in  the  principles  of  liberty  ;  if 
their  religion,  like  that  of  fome  feds  among  them,  had  not  al- 
lowed them  to  make  ufe  of  carnal  weapons  in  the  defence  of 
their  liberty  ;  or  if  they  had  lived  under  a  defpotic  government, 
and  believed  in  the  dodrine  of  paffive  obedience  and  non-refiff- 
and  ?  Or,  laftly,  if  fome  among  them,  well  fituated  to  obferva 
the  courfe  and  tendency  oiBritifid  policy,  had  not  alarmed  them 
of  their  danger  ? 

If  all  or  any  of  thefe  circumftances  had  been  different  from,- 
or  contrary  to,  what  have  in  fa6t  taken  place,  the  advantages  de- 
rived from  climate,  in  reference  to  natural  capacity,  had  proba- 
bly 

*  At  the  time  of  writing  this  difcourfe,  the  fleets  and  armies  of  Britain  were,  and 
long  had  been,  invading  us.  This  circumftance,  together  with  the  extraordinary 
manner,  in  which  fhe  conduced  the  war,  occafioned  in  one  or  two  of  the  political 
obfervatlons,  adduced  to  illuftrate  the  fubjeft,  fome  littk  poignancy  of  exprefllon  i 
which,  it  is  apprehended,  the  occafion  juftified. 
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Wy  been  loft  ;  and  the  world  had  not  been  aftonifhed  at  the  no- 
ble and  unexpected  exertions,  we  fo  happily  made  againft  the 
power  of  Britain  :  a  power,  diftinguifhed  for  its  magnitude, 
and  with  which  we  had  to  contend  under  the  prefTure  of  the 
greateft  difficulties  and  difcouragements. 

One  ardent  wifh  will  be  indulged  to  me  on  this  occafion,  that 
we  may  ever  deferve  to  be  poffefled  of  freedom,  and  independence  ^ 
and  by  deferving  them,  convince  our  enemies,  that  the  Supreme 
Arbiter  of  the  fate  of  nations  will  not  fuffer  Britain  to  wreft 
them  from  us.  The  iirft  of  them — freedom — in  a  conftitu- 
tional  fenfe,  while  we  remained  conne6led  with  Britain,  and  un- 
til fhe  fpurned  our  repeated  prayers  to  her  for  its  reftoration, 
was  the  only  objedt  of  our  exertions  :  and  the  latter — indepen- 
dence— wholly  alien  at  that  time  from  our  inclinations,  but  now 
radicated  in  them,  was  the  neceffary  effe<St  of  her  obftinate  in- 
jufticc. 

With  refped  to  the  Indian  tribes  of  America,  and  the  Blacks 
of  Africa,  if  they  defcended  from  the  fame  original  ftock,  and 
are  alike  affecfled  with  the  reft  of  mankind,  they  will  partake  of 
the  advantages  and  difidvantages  of  climate  in  common  with 
them  :  unlefs  it  be  fuppofed,  that  the  unexplored  caufe  of  the 
difference  of  colour  may,  in  any  meafure,  alter  the  effedts  of  cli- 
mate. If  it  doth  not  alter  them,  and  if  all  nations  in  the  fame 
latitudes,  confidered  in  the  grofs,  have  equal  capacities,  the  dif- 
ference, that  on  comparifon  appears  between  them,  muft  be 
cafual  ;  arinng  from  fome  certain  adventitious  circumftances, 
which  take  place  in  Ibme  of  them,  and  not  in  others  ;  and 
which,  as  they  arife,  call  thofe  capacities  into  adtion,  and  thereby 
occafion  that   difference. 

If 
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If  by  public  encouragement,  or  by  any  other  means,  knowledge: 
in  general,  and  particularly  natural  knowledge,  be  fuppofed  equal- 
in  any  two  or  more  nations,  their  different  modes  of  applying  it 
will  produce  very  different  effedrs  j  which,  taken  together  in 
each,  may  be  equally  valuable  and  ufeful  :  and  if  thofe  effe(fl$ 
come  under  the  names  of  manufa<ftures,  they  may  be  exchang- 
ed for  each  other  to  mutual  benefit,  even  where  the  natural  ma- 
terials are  the  fame  in  kind  and  quality  :  but  where  the  mate- 
rials differ  in  thefe  refpecfts,  the  greater  mufl  be  the  difference 
in  thofe  artificial  produd:ions,  and  the  greater  the  benefit  arifing. 
from  the  exchange. 

The  various  produdlions,  natural  and  artificial,  of  different 
countries,  and  the  benefit  refulting  from  a  mutual  exchange  of 
them,  give  rife  to  commerce,  navigation,  and  their  attendants  : 
in  regard  of  which,  the  balance  of  advantage  will  always  be  in 
favour  of  that  people,  whofefkill,  induftry,  andcheapnefs  of  la- 
bour, enable  them  to  manufa(Slure  and  export,  the  greateft  quanti- 
ty of  commodities :  whether  manufadlured  from  the  rough  pro- 
dud:s  of  their  own,  or  of  other  countries.  And  that  balance, 
if  the  government  of  fuch  a  people  be  wifely  adminiflred,  will 
give  them  a  national  fuperiority  in  riches,  influence,  and  prof- 
perity  :  which  are  principal  objects  with  the  honeft  and  well- 
informed  politician. 

With  refped  to  the  natural  produdlions  of  this  country,  they 
arc  perhaps  as  numerous  as  thofe  of  any  other  :  but  it  doth  not 
appear  by  any  publications  on  the  fubjeft,  that  they  have  been 
examined  to  any  great  extent  :  fo  that  our  natural  hiflory  is  very 
imperfe(St,  not  only  in  relation  to  fuch  produdlions  as  we  have  in 
common  with  other  countries,  but  fuch  as  are  peculiar  to  our 

own» 
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©wn.  It  is  apprehended,  however,  that  gentlemen  of  Ingenui- 
ty and  obfervation,  have  noticed  and  defcribed  many  of  them  : 
and  that  their  feveral  defcriptions  and  colledions,  brought  into 
one  flock,  properly  methodized  and  clalTed,  would  make  a  re 
fpe(5table  figure  ;  and  encourage  further  examinations  and  re- 
fearches,  in  order  to  our  obtaining  an  extenfive,  and  well-di> 
gcHed  body  o*^  American  natural  hiftory.  For  a  purpofe  fo  be- 
neficial in  itfelf,  and  fo  honorary  to  our  country,  it  is  hoped,  fuch 
gentlemen  will  favour  the  Academy  with  their  defcriptions  and 
coUedlions  ;  and  alfo  with  the  refult  of  their  future  refearches, 
relative  to  the  fame  fubje(5t. 

Thefe  general  obfervations,  and  particularly  thofe  concerning 
man,  and  the  efFeds  of  climate,  with  the  exception  of  fome  few 
of  them  incidentally  made,  come  under  the  head,  and  are  includ- 
ed in  the  idea,  of  natural  hiflory. 

What  has  been  faid  of  the  influence  of  climate,  agrees  in  part 
wkh  the  doctrine  of  the  celebrated  Montefquteu.^  So  far  as  it 
differs  from  him,  it  may  need  apology  :  but  it  is  fubmitted  to 
your  candour,  jufl  as  it  flood  written  before  I  had  confulted  him 
on  that  fubjed:. 

To  thefe  curfory  obfervations  on  thefubjecfl  of  antiquities  and 
natural  hiflory,  I  muft  here  put  an  end,  as  I  {h?\\  fland  in  need 
cfthe  remains  of  your  patience  and  candour,  while  I  make  a  few 
ob^rvations  of  a  different  kind  :  which,  though  not  neceffarily 
connedted  with  the  fubje<5ls,  that  fall  under  the  confideration  of 
the  Academy,  will  not  be  deemed  impertinent,  or  unfuitable  to 
this  occafion. 

The  inflituting  of  this  fociety,  and  the  necefTity  there  was, 
that  it  fhould  be  preceded  by  fuch  an  inflitution  as  Harvard's^ 

naturally 

*  See  a  foregoing  marginal  note. 
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naturally  carry  us  back  to  the  early  times  of  this  country,  when 
Harvard-College  was  firft  founded. § 

Our  worthy  anceftors,  knowing  from  their  own  experience 
the  advantages  of  a  good  education,  very  early,  after  their  com- 
-  ing  hither,  provided  the  means  of  it  for  their  children,  and  pof- 
terity  ;  and  that  excellent  man,  Mr.  Harvard^  made  a  large  and 
generous  bequefl:  for  that  purpofe  :  in  confequence  of  which, 
the  college  was  founded  ;  and  in  honour  of  him,  and  to  perpe- 
tuate the  remembrance  of  his  generofity,  his  name  was  given  to 
it.  From  that  time  to  the  prefent,  it  has  been  productive  of 
the  happieft  eifedis  ;  and  the  influence  and  benefit  of  its  in- 
-ftrq^dtion  have  been  widely  felt.  Learning  and  the  principles  of 
good  morals  have  been  diffeminated  ;  the  arts  and  fciences  cul- 
tivated;  and  a  fpirit  of  freedom  and  enquiry  promoted,  and  en- 
couraged :  in  virtue  of  which,  the  befl  foundations  have  been 
laid  for  excellency  in  the  learned  profeffions. 

AH  thefe  have  operated  in  fo  forcible  and  extenfive  a  manner, 

that  they  have  produced  the  other  feminaries  in  America^  eftab- 

lifhed  for  the  like  noble  purpofes  :  fo  that  our  alma  mater 

may  be  juftly  confidered  as  the  remote  parent  of  them  all.     I 

fay,  our  alma  mater,  not  merely  in  relation  to  the  members 

of  this  fociety,  individually  confidered,   moft  of  whom,  fron 

her  breads,  drew  the  nedareous  milk  of  fcience,  but  in  relat'on 

alfo  to  the  complex  body,  the  fociety  itfelf  :  for,  by  her  d.fci- 

pline,  and  unremitted  inculcations,  the  way  has  been  prepared 

for  philofophical  difquifitions,  and  an  examen  into  the  wor.^s  of 

nature  :  without  which,  or   feme  fuch  preparatory  difcipline, 

this  fociety  could  not  have  been  formed  :  or  being  formed,  could 

not  have  anfwered  the  end  of  its  inftitution. 

At 

$  Harvard- College  was  founded  in  the  year  1638  ;  and  the  date  of  its  firft 
Charter  was  in  1 642. 
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At  the  fame  time  we  are  acknowledging  our  obligations  to- 
our  ALMA  MATER,  jullice  demands  the  tribute  of  gratitude  to 
her  benefacftors. 

Foremoft  among  thefe,  itands  the  reverend  Harvard  -,  re- 
verend by  his  profeilion,  but  much  more  fo  by  real  worth,  and 
true  dignity  ©f  charadero  By  his  generous  bequeft,  and  the  fpi- 
rit  it  infpired,.  the  government  was  enabled  to  eflablifli  the  col- 
lege :  which,  by  reafon  of  the  low  ftate  of  the  finances  of  the 
country,  could  not  have  been  eftablifhed  without  fuch  affiftance ; 
fo  that  he  may  juftly  be  confidered  as  the  father  and  founder  of 
the  UNIVERSITY;  and  in  that  charader  his  memory  fhould  be. 
tranfmitted  to  poflerity,  . 

In  the  fame  catalogue  alfo,  the  names  of  St  ought  on,  Hoilis,. 
Holden,  Hancock,  Boyljion  and  Hearfey,  whofe  vital  part  is  dif- 
encumbered  of  its  earthborn  cottage,  hold  a  diftinguifhed  place. 
Their  noble  and  pubHc-fpirited  benefa<flions,  with  thofe  of  other 
friends  and  encouragers  of  fcience,  are  at  large  recorded  in  the 
archives  of  the  univerfity  ;  and  therefore  need  not  here  be  fpeci- 
fically  enumerated. 

Ye  difembodied  fpirits,  now  "  joined  to  the  great  majority," 
if  ye  are  confcious  of  what  is  tranfad:ing  in  this  place,  and  will 
defgn  to  regard  it,  permit  us  to  exprefs  our  gratitude  to  you,  ari- 
fmg  from  a  fenfe  of  the  benefits  already  derived,  and  v/hich  are 
deriving,  to  individuals  and  the  public,  from  your  inflitutions  and 
benefadtions. 

If  divinity  and  m.oraliiy — if  the  knowledge  of  the  Hebrew 
fcriptures,  and  of  the  oriental  and  other  languages — if  mathema- 
tics, and  natural,  and  experimental  philofophy — if  the  medical 
art,  the  belles  lettres,  and  literature  in  general — are  beneficial  to 
mankind,  ye  have  not  lived  in  vain  :  frnce,  to  promote  ^he  know- 
ledge? 
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ledge  of  thcfe  has  been  the  obje«5t  of  your  aim  in  thofe  inAitu- 
tioos ;  and  your  aim  has  been  crowned  with  the  mofl  happy  and 
extenlive  fuccefs.  This  has  infured  to  you,  at  ieaft  in  this 
country,  univcrfal  approbation  ;  and  your  names  will  be  rcmem* 
bered  with  honour,  lo  long  as  literature  fhall  be  cfleemed,  or 
anv  vefti«:e  of  it  remain  here. 

Though  wrapt  in  the  Ihroud  of  death  be  your  mortal  part, 
ye  fliii  live,  and  through  fucceffive  generations  may  ye  continue 
to  live,  in  the  grateful  brealls  of  your  lettered  fons. — ^Confecrated 
to  fame,  and  born  on  its  ftrongeft  pinions,  may  your  memory 
reach  to  the  remoteft  ages,  expanding  as  it  flies.  And  when 
ages  ceafe  to  roll — when  all  things  fhall  be  ingulphed  in  vaft 
eternity — when  eternity  itfelf  (hall  be  abforpt  in  the  felf-exift- 
€nce  of  the  Deity,,  may  ye  be  bleiTed,  as  we  humbly  truft  yc 
now  are,  fupremely  bleiTed,  with  the  approbation  of  him,  who 
gave  you  the  means,  and  the  will  to  do  good.  In  fine,  may 
your  virtues,  and  excellent  example,  by  infpiring  imitation,  pro- 
cure fuch  benefadions  to  Harvard-College,  as  to  make  it,  iij 
the  moil  proper  and  extenfive  fenfe,  an  Univerjlty, 

With  refped  to  its  furviving  benefadliors,  I  fhall  not  attempt 
to  name  or  charaderize  them,  as  the  doing  it  might  offend  their 
delicacy,  or  favour  of  adulation  :  they  will  however  have  the 
pleafing  fatisfadion  to  reflet:,  that  the  eulogium  on  the  fimilar 
virtues  of  others,is  an  eulogium  on  their  own  :  and  a  confciouf- 
nefs  of  merit  will  compel  them,  without  hazarding  the  charge 
of  a  vain-glorious  appropriation,  to  apply  it  to  themfelves. 

To  have  faid  thus  much  on  the  fubjed  of  the  college,  will 
aot,  on  this  occafion,  be  deemed  impertinent,  as  the  initituting 
of  it  was,  not  meerly  confiftent  with  the  forming  fuch  a  fociety 
i^s  ours,  but  neceffary  to  precede  it ;  and  as  the  old  inftitutioa 

may 
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may  with  propriety  be  reputed  the  genuine  parent  of  the  new- 
one.  Such  is  the  conne<5tion  between  them,  and  fuch  the  de- 
pendence of  this  upon  the  other,  that  as  moil  of  its  prefcnt 
members  are  fons  of  Harvard,  foits  future  vernacular  mem- 
bers will  probably,  for  the  moll  part,  be  fupplied  from  the  fame 
ftock  :  at  leaft  fo  long  as  Harvard's  fons  (hall  continue  to 
be  diflinguifhed  for  fcientific  accomplifhments :  which,  it  is  fer- 
vently hoped,  will  be  as  long  as  fcience,  or  any  trait  of  it,  remains 
in  the  world  :  or  as  long  as  nature,  the  great  fubje<5l  of  it, 
.endures. 

Derived  from  fuch  a  parentage,  and  animated  by  the  noble 
example  of  other  philofophical  inftitutions,  may  this  fociety 
contribute  its  full  fhare  to  the  common  flock  of  knowledge  ; 
and  endeavour,  by  the  mofl  generous  exertions,  to  anfwer  the 
valuable  purpofes  of  its  inllitution. 

**  Rapt  into  future  times,"  and  anticipating  the  hillory  of  our 
-country,  methinks  I  read  in  the  admired  pages  of  fome  Atneri^ 
can  Livy,  or  Thiicydides,  to  the  following  effect. 

A  century  is  now  elapfed  lincc  the  commencement  o^  Ameri^ 
can  independency.  What  led  to  it,  and  the  remarkable  events 
of  the  war,  which  preceded  and  followed  it,  have  been  already 
iTelated  in  the  courfe  of  this  hiflory. 

It  was  not  to  be  expedied,  that  our  anceflors,  involved  as 
they  were  in  a  civil  war,  could  give  any  attention  to  literature 
and  the  fciences  :  but  fuperior  to  their  diflreiles,  and  animated 
%  the  generous  principles,  which  liberty  and  independency  in- 
fpire,  they  inflituted  the  excellent  fociety,  called  "The  American 
Academy  of  Arts  and  Sciences, 

^  This  fociety  formed  itfelf  on  the  plan  of  the  philofophical 
ocieties  in  Europe,  adopting  fuch  rules,  and  principles  of  con- 

G  du.5t 


c, 
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dud,  as  were  befl  fulted  to  anfwer  the  end  of  its  inflitutloii. 
Among  others,  they  laid  it  down  as  a  fundamental  principle, 
that  as  true  phyfics  mufl  be  founded  on  experiments,  fo  all  their 
enquiries  fhould,  as  far  as  poflible,  be  carried  on,  and  direded 
by  them.  This  method  was  flrongly  recommended  by  Sir 
Francis  Bacon,  **  a  genius  born  to  embrace  the  whole  compafs 
of  fcience,  and  juflly  ftiled,  the  iiril  great  reformer  of  philofo- 
phy,"*  It  was  adopted  by  fucceedlng  philofophers,  and  par- 
ticularly by  the  imm.ortal  Newton,  whofe  fyftcm  of  philofoph'y, 
founded  on  the  laws  of  nature,  will  for  that  reafon  be  as  dura- 
ble as  nature  itfelf. 

Taking  thefe  great  charad:ers  for  their  guide,  and  influenced 
by  their  illuflrious  example,  they  proceeded  on  fad  and  obfer- 
vation,  and  did  not  admit  of  any  reafonings  or  dedudions,  but 
fuch  as  clearly  refulted  from  them.  This  has  been  the  uniform 
pradice  of  the  fociety  :  whofe  members,  from  time  to  time,^ 
having  been  chofen  from  men  of  every  country,  from  every 
clafs  and  profeffion,.  without  any  other  diftindion  than  was 
didated  by  the  dignity  of  their  charaders,  by  their  morality,, 
good  fenfe,  and  profeffional  abilities,  we  find  in  the  printed 
tranfadions  of  the  fociety,  the  beft  compofitions  on  every  fub- 
jed,  within  the  line  of  their  department.  We  find  in  thofe 
tranfadions  new  fads,  new  obfervations  and  difcoveries  -,  or  old. 
ones  placed  in  a  new  light,  and  new  dedudions  made  from 

them. 

They  have  particularly  attended  to  fuch  fubjeds  as  refpeded 
the  growth,  population,  and  improvement  of  their  country:  in 
which  they  have  fo  happily  fucceeded,  that  we  now  fee  agricul- 
ture, manufadures,  navigation  and  commerce,  in  a  high  degree 

of 

*  Mallet's  life  of  Lord  Chancellor  Bacon, 
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of  cultivation  ;  and  all  of  them  making  fv/ift  advances  In  im- 
provement, as  population  increafes.  In  (liort,  they  have,  agree- 
ably to  the.  declared  end  of  their  inflitution,  *'  cultivated  every 
art  and  fcience,  which  might  tend  to  advance  the  intereft  and 
honour  of  their  country,  the  dignity  and  happinefs  of  a  free,  in- 
dependent, and  virtuous  people." 

This  is  demonilrably  evident  from,  the  numerous  volumes 
the  fociety  have  publifhed  of  their  tranfadlions.  Thefe  vo- 
lumes are  a.  nobis  colledlion  of  ufeful  knowledge  ;  and  conii- 
dered  together  in  their  mifcellaneous  ftate,  llrike  the  mind  with 
a  fplendour,  refembling  the  galaxy  in  the  heavens,  derived  from 
the  combined  light  of  countlefs  myriads  of  con ftellat ions  :  and 
like  that  too,=  when  the  ieveral  correfponding  parts  are  viewed 
in  their  proper  conned:ions,  they  appear  to  be  parts  of  a  whole ; 
and  to  conftitute  the  moft  ufeful  fyftems  :  fyftems  difliinguifhed 

by  their  beauty,  regularity,  and  proportion. Thus  far  ouc 

hiftorian.. 

May  this  prophetic  hiflory  be  realized  by  fad:,  and  may  the. 
tranfacftions  of  this  fociety  juftify  the  future  hiflorian,  in  giving. 
it  a  charader,  like  the  one  jufl  delineated  :  or  rather,  a  charader. 
defervedly  more  exalted. 

In  the  mean  time,  as  the  iociety  is  formed  on  the  mofl:  libe- 
ral  principles,  and  is  of  nofed;,  or  party  in  philofophy,  it  wide 
extends  its  arms  to  embrace  the  fons  of  fcience  of  every  deno- 
mination, and  wherefoever  found  ^  and  with  the  warmth  of 
fraternal  aftcdion  invites  them  to  a  philofophical  correfpon- 
dcnce  :  and  they  may  be  affured,  their  communications  will  be 
eileemed  a  favour,  and  duely  acknowledged  by  the  fociety. 

I  fhall  clofe  this  difcoui-fe  with  a  fhort  refledion,  refulting 
irom  one  of  the  fubjeds  we  have  been  confidering. 

V/hen 


io  A  Philosophical  Discourse. 

When  we  contemplate  the  works  of  nature,  animate  and  in- 
animate, connected  with  our  earth  -,  obferve  the  immenfe  num- 
ber and  variety  of  them  ;  their  exquifite  beauty  and  contri- 
vance 'j  and  the  ufes  to  which  they  are  adapted  : — when  wc 
raife  our  view  to  the  heavens,  and  behold  the  beauteous  and 
a/lonifhing  fcenes  they  prefent  to  us — -unnumbered  worlds 
revolving  in  the  immeafurable  expanfe;  iyftem^  beyond  fyftems 
compofing  one  boundlefs  univerfe  :  and  all  of  them,  if  we  may 
argue  from  analogy,  peopled  with  an  endlefs  variety  of  inhabi- 
tants : — When  we  contemplate  thefe  works  of  nature,  which  no 
human  eloquence  can  adequately  defcribe,  they  force  upon  us 
the  idea  of  a  Supreme  Mind,  the  confummately  perfed 
author  of  them, — 

"  T'te  univerfal  fpl-    .  which  informs, 
"  Pervades,   and  adluates  the  wond'rous  whole." 
In  compare  with  whom  his  works,  great  and  flupendous  as 
they  are,  are  "  nothing,  lefs  than  nothing,  and  vanity."  But — 
though  anniliilated  by  the  comparifon,  yet — viewed  in  them- 
felves,  they  powerfully  perfuade  us  to  exclaim,  in  the  rapturous 
and  fublime  language  of  infpiration,   **  Great  and  marvellous 
are  thy  works,    LORD    GOD   almighty,  in  wifdom  liat 
*ihou  made  them  all." 
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I.  A  Method  of  f.nditig  the  Altitude  and  Longitude  cf  the  non- 
agejimal  Degree  of  the  Ecliptic  -,  ivlth  a?i  Appendix,  contain- 
ing Calculations  from  correfponding  Aflronomical  Obfervationsy 
for  determining  the  Difference  of  Meridians  between  Harvard-- 
Hallf  in  the  U?iiverfty  cf  Cambridge,  in  the  Cofmnonwealth  of 
MafTachufetts,  and  the  Royal  Obfervatories  at  Greenwich  and 
Paris .  In  a  Letter  from  the  Reverend  Joseph  Willard, 
Frefident  of  the  Univerfty,  and  Correfponding  Secretary  of 
the  American  Academy  of  Arts  and  Sciences,  to  the  Honorable 
James  Bowdoin,  X.  L.  D,  Frefident  of  the  Academy. 

S  I  R, 

AS  the  parallaxes  of  the  planets  in  latitude  and  longitude 
cc.iiC  frequently  into  uie,  in  agronomical  calculations, 
and  p!E^.rciqdarly  in  deducing  the  difference  of  meridians  be-, 
tweca  one-pLice  and  another,  from  .correfponding  cbfervations^ 

of 
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of  Iblar  eclipfes  and  occultatlons  of  fixed  flars  by  the  moon, 
every  method  which  can  be  difcovered,  to  /horten  the  work, 
or  make  it  more  eafy,  mufl  be  of  utility.  In  calculating  thefe 
parallaxes,  it  is  neceflary  to  find  the  altitude  and  longitude  of 
the  nonagefimal  degree  of  the  ecliptic.  As  I  have  given  fome 
attention  to  this  fubjed:,  I  take  the  liberty.  Sir,  of  enclofing  to 
you  a  paper,  containing  a  method  of  finding  thefe  prerequifites, 
different  from  any  that  I  have  happened  to  meet  with,  and  (to 
me  indeed)  taking  the  whole  procefs  together,  eafier,  if  not 
fhorter.  It  is  deduced  from  a  projection  which  muft  make  the 
method  very  obvious,  to  thofe  acquainted  with  the  fphere  and 
with  fpheric  trigonometry.  You  will  find  an  appendix  upon 
the  longitude  of  Cambridge.  If  you  think  pi'oper  to  commu- 
nicate the  whole  to  the  Academy,  you  have  my  confent. 

I  am, 

with  the  greatefl  refpe€t,  6cc, 

C^^mbridg€y  Augiift  4,  1783, 


DEFINITIONS. 

I .  THE  right  afcenfion  of  the  mid-heaven  is  that  point  of 
the  equator,  which  culminates,  or  is  in  the  meridian  of  any  par- 
ticular place,  at  a  given  time,  and  is  found  by  adding  the  given 
■apparent  time,  reckoned  aftronomically,  to  the  fun's  right  af- 
i:enfion,  calculated  for  the  fame  time.  Or,  it  may  be  found, 
by  reducing  the  given  apparent  time  to  mean  time,  and  adding 
it  to  the  fun's  mean  longitude.  But,  if  the  hours  are  reckoned 
according  to  civil  time,  we  mufl  take  the  difference  between 

the. 
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the  apparent  given  time  znd  noon  ^  and  if  it  is  the  forenoon^ 
this  difference  muft  be  fubfrraded  from  the  fun's  right  afcen^ 
fion  ;  but  if  it  is  the  afternoon,  it  mufi:  be  added.  If  the  mean 
longitude  is  taken,  the  mean  time  muft  be  ufed. 

2.  The  nonagefimal  degree  of  the  ecliptic  is  its  higheft 
point  above  the  horizon,  and  is  90*  diftant  from  each  point  of 
the  ecliptic,  v^^here  interfered  by  the  horizon.  This  nonagifi- 
mal  point  is  determined  by  a  perpendicular  to  the  ecliptic,, 
which  pafTes  through  its  poles  and  the  poles  of  the  horizon, 
the  altitude  of  which  point  is  meafured  from  the  horizon, 
upon  this  perpendicular. 

PROBLEM, 

Given  the  latitude  of  a  place,  the  obliquity  of  the  ecliptic,  the 
time  of  the  day,  the  fun's  true  longitude,  his  right  afcenfioB^ 
and  confequently  the  right  afcenfion  of  the  mid-heaven,  to  imd 
the  longitude  and  altitude  of  the  nonao-cfimal  deijree  of  the  ec~ 
liptic. 

A  GENERAL   SOLUTION   OF    THE   FOREGOING  PROBLEM. 

.  In  plate  I.  fig.  I.  let  the  circle  ss/»^L  reprefent  the  foUH- 
tial  colures  •  then,  the  poles  of  the  equator  and  of  the  ecliptic 
will  be  in  the  plane  of  this  circle.  Let  the  diameter  E--Q_ 
reprefent  a  portion  of  the  equator  ;  ^€^vf  a  portion  of  the  ec- 
liptic ;  P,  the  north  pole  of  the  equator  j  p,  the  north  pole  of 
the  ecliptic  ;  S  and  L  their  fouth  poles.  Let  the  arc  Pc  S 
mark  the  right  afcenfion  of  the  mid-heaven,  from  the  neareft 
equino6tial  point  ;  then  this  arc  will  reprefent  the  meridian  of 
fome  place,  at  a  given  time,  and  c  and  w  will  be  the  Culminat- 
ing 
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ing  points  of  tlie  equator  and  ecliptic.     Let  the  arc  hlA  repre- 
fent  the  latitude  of  fome  given  place  ;  then  the  point  Z,  where 
the  arc  is  intcrfe(5led  by  the  meridian,  is  the  zenith  of  the  place, 
at  the  given  time,  and  is  one  of  the  poles  of  the  horizon  ;  the 
arc  HOR  is  the  horizon  ;  the  line  Z  N  its  axis,  and  the  point 
N  of  the  axis,  where  it  is  interfedied  by  the  arc  Pc  S  continued, 
is  the  other  pole  of  the  horizon,  or  the  nadir.     The  arc  />ZL, 
drawn  through   the  poles  of  the  ecliptic  and  of  the  horizon, 
marks  out  the  longitude  of  the  nonagefimal  degree  upon  the 
ecliptic  at  U,  the  altitude  of  v/hich,  or  height  above  the  hori- 
zon is   VU.     Now   the   arc  /»ZL  is    perpendicular    both    to 
the  horizon  and  the  ecliptic,  as  it  pafles  through  the  poles  of 
each,  and  as    p\J  is  ==  ZV  =  90°  and  ZU  is  common  to 
both,    take  ZU  from  each,  and  there  v/ill  remain  />Z  =  VU 
the  altitude  of  the  nonagefimal  degree  of  the  ecliptic.     The 
longitude  and  altitude  of  this  point,  therefore,  may  be  readily 
found  by  the  ipheric  triangle  P/^Z,  in  which  are   given  two 
iides  and  the  included  angle,  viz.  fide    PZ  =  the  co-latitude 
of  the  given  place  ;  the  fide  Vp  =  the  diftance  of  the  poles 
of  the  equator  and  ecliptic  =  the  obliquity  of  the  ecliptic  ;  and 
the   angle  pVX,  the  value  of  which  may  always  be  determin- 
ed by  the  following  general  rules,  which,  from  diagrams,  will 
appear  very  obvious. 

The  right  afcenfion  of  the  mid-heaven  being  between  270° 
and  360°  or  0°,  and  between  0°  and  90°,  the  neareft  equinoc- 
tial point  is  v  ;  and  in  the  firft  cafe,  angle  j5>PZ  is  acute,  and 
is  found  by  fubftradting  270°  from  the  right  afcenfion  of  the 
mid-heaven.  In  the  fecond  cafe,  the  angle  is  obtufe,  and  is 
found  by  fubftradling  270°   from  the  right  afcenfion  of  the 

mid- 
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mid-heaven  added  to  360',  or,  which  is  the  (amc  thing,  by  add- 
ing the  right-aicenfion  of  the  mid-heaven  to  90  ° . 

The  right  aicenfion  of  the  mid-heaven  being  between  90*^ 
and  180°,  and  between  180"  and  270°,  the  neareft  equinoc- 
tial point  is  A  ;  and  in  the  firft  cafe,  angle  /'PZ  is  obtufe,  in 
xhe  fecond  acute,  and  in  each  cafe  the  angle  is  found,  by  fub- 
ftra<fting  the  right-afcenfion  of  the  mid-heaven  from  2jo^ ^ 
Thele  rules  are  to  be  ufed  v/hen  the  latitude  of  the  given 
place  is  north  ;  but  when  it  is  fouth,  they  muft  be  inverted  to 
find  the  correfponding  angles,  .as  will  appear  evident  by  a 
diagram. 

From  Z,  let  fall  the  perpendicular  Zx  upon  the  primitive 
circle  :  And  to  know  whether  the  perpendicular,  in  any  cafe, 
will  fall  upon  the  fide  of  P  next  to  py  or  oppofite  to  it,  the 
following  rules  may  be  obierved. 

When  the  right  afcenfion  of  the  mid-heaven  is  between  1 8o* 
and  270°,  or  between  270°  and  o'',  that  is,  when  angle />PZ 
is  acute,  the  perpendicular  will  fall  upon  the  fide  of  P  next  to 
p  y  but  when  the  right  afcenfion  of  the  mid-heaven  is  be- 
tween o"  and  90°,  or  between  90°  and.  180°,: that  is,  when 
angle  /'PZ  is  obtufe,  the  perpendicular  v/ill  fall  upon  the  fide 
of  P  oppofite  to  p. 

For  the  fide  pZ,  the  altitude  of  the  nonageiimal  degree. 
Radius  :  Sine  co-angle  /PZ  ;:  Tangent  fide  PZ  :  Tangent 
fide  Px.  Then,  if  the  perpendicular  be  on  the  fide  of  P  next 
to  p,  the  difference  between  P/>  and .  P.v  will  be  px  -,  but  if 
it  fall  on  the  fide  of  P  oppofite  to/,' the^fiim'ofF/' and  Px 

will 
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win  be  px\    px  being  found  fay.  Sine   co-Pa*  :  Sine  co-pjc 
::  Sine  co-PZ  :  Sine  co-pZ. 

For  angle  P/>Z,  or  Z.  at  the  pole  of  the  ediptic.  Sine  {eg- 
ment  px  :  Sine  fide  P^  ::  Tangent  angle  ^PZ  :  Tangent 
angle  P/Z. 

When  the  perpendicular  Zx  falls  upon  the  fide  of  P  oppo. 
lite  to  p,  or  between  P  and  p,  the  angle  P^Z  is  acute  3  but 
when  it  falls  beyond  /,  it  is  obtufe. 

By  the  angle  P/Z,  the  longitude  of  the  nonagefimal  de- 
gree is  determined  thus  : — When  the  neareft  equinodlial  point 
is  «r,  fubftra6l  this  angle  from  25  or  3%  adding  12^  to  3%  when 
neceflary  ;  the  remainder  will  be  the  longitude  of  the  nonage- 
fimal  degree.  If  the  neareft  equinoctial  point  is  -==,  add  this 
angle  to  25  or  3%  and  the  fum  will  be  the  longitude  of  the  non- 
agefimal  degree. 

Let  the  foregoing  general  rules  be  now  elucidated  by  a  par- 
ticular 

EXAMPLE. 

Required  the  longitude  and  altitude  of  the  nonagefimal  degree 
of  the  ecliptic,  at  the  royal  obfervatory  at  Greenwich,  Auguil 
5,  1766,  at  5^  29'  ^y'^  P.  M.  apparent  time  ? 

The  folar  and  lunar  elements  from  Mayer's  tables. 
At  5^  29' 57<' P.  M, 
The  fun's  longitude  4'   ^3'  9'  5^'^ 

The  obliquity  of  the  ecliptic  23  28  iS 

The 


MATHEMATICAL     PAPERS.         7 

The  latitude  of  Greenwich  51  °28'  39" 
Reduced  to  the  center,  the  earth  being  1 

an  oblate  fpheroid  J  6       -r 

Complement  =  PZ  38  45  49 

For  the  fun's  right  afcenfion. 
Radius  10 

:    Sine  of  the  co-obliquity  of  the  7     ,  ^ 

ecliptic,  J    66°3«'42"  9  96249X« 

::  Tang:  o's  longitude  from  near- 7       ,  r,     r, 

n.          -       CL       ■                          C      4^     50       O    10   0278498 
eft  equinod:  point,  J     ^      ^        ^   ^    ^^ 

:    Tang:  o's  right  afcenfion  from! 

nearefl  point,  viz.  ^t             J     44  4       9  99   34  9 

Subflrad:  the  above  from                     1 8o  o      o 

The  remainder  is  o '  s  right  afc  .from  V135  38    14 

The  given  time  5^  29'  57"  being  reduced  to  degrees,  at  the 
rate  of  15^  per  hour,  gives  82^  29' 15".  Add  this  to  the 
fun's  right  afcenfion  135°  38'  14";  the  fum  218°  7'  29'' is 
the  right  afcenfion  of  the  mid-heaven.  This  fubftraded  from 
270°  according  to  the  rule,  leaves  51  ^  52'  31 "  for  angle /'Psr. 

For  fide  pZ,  the  altitude  <?f  the  nonagefimal  degree. 

Radius 
:    Sine  Co  /LpPZ  38"     7*    29''  9     790549^ 

::  Tangent       PZ  38     45     49  9     9047023 

:    Tangent       ?x  26     22      10  9     6952516 

Subftrad       Pj,  23      28      18 

Remains       ^x  2     o      C2 


ASTRONOMICAL    and 


Sine  Co        P;^ 

63° 

37' 

50'' 

9 

9522832 

:    Sine  Co        px 

87 

6 

8 

9 

9994443 

::  Sine  Co        PZ 

51 

H 

II 

9 

8919475 

:    Sine  Co        pX 

60 

21 

48 

9 

9391086 

Alt.  nona.  deg.  /Z 

29 

38 

12 

For  angle 

Vpz 

Sine              px 

2° 

53' 

52" 

8 

7n7S7% 

:    Sine               Vx 

26 

22 

10 

9 

6475369 

::  Tangent  Z./PZ 

51 

52 

31 

10 

1052425 

:    Tangent  zJ?pZ 

84 

53 

49 

II 

0490221 

Obtufe  = 

95 

6 

u 

To     25      = 

3' 

0° 

0' 

o'V 

Add  z^VpZ  == 

3^ 

5 

6 

II 

The  fum  is  =r  the" 

[6 

<? 

6 

II 

long,  of  nona.  deg,  J 


By  the  foregoing  procefs  it  appears,  that  the  longitude  of 
the  nonagefimal  degree  is  6'  5^  6'  11'',  and  the  altitude 
29'   38'  J2'\  . 
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APPENDIX, 

II E  afcertaininor  of  the  difierence   of  lono^itiidc  between 


various  places  on  the  globe,    particularly   between  im- 
portant headlands  and   feaports,  and  alfo  betv/een  places  where 
aftronomic   obfervations  are  made,   to  perfed:   the  knov/ledge 
of  the  heavens,    and  to   improve  navigation  and  geography,  are 
very  defirable   objed:s.     Obfervations  of  eclipfes  of  the  moon 
and  of  Jupiter's   fatellites  have  frequently  been  made  ufe  of  for 
this  purpofe.     When  the  beginning  or  ending  has  been  obferv- 
ed   in  two  places,   the   difference   in  time  is  the  difference  of 
meridians,  which   may   be  reduced   to  degrees^  at   the  rate  of 
15°  per   hour.     But   the  earth's  fhadow  i€  fo   imperfedly  de- 
fined at  the  moon,    that  the  beginning  or   ending  of  a   lunar 
eclipfe  cannot  be  fo  fatisfadorily  determined,  that  the  difference 
of  meridians,  deduced  from  thefe  obfervations,  can  be  entirely 
depended   upon.     The  beginning  or  ending  of  the  eclipfes  of 
Jupiter's  fatellites  can  be  determined  with  more  precifion  ;  but 
ftill,  much  depends  upon  the  magnifying  powers  and  the  aper- 
ture of  the  telefcopes,  which  are  made  ufe  of  for  the  obferva- 
tion  :  nor  is  the  difference  of  meridians  between  tw^o  places, 
deduced   from   thefe   obfervations,    reckoned   accurate,   unlefs 
there  is  a  confiderable  number,  both  of  immerfions  and  emer- 
fions,  to  be  compared  with  correfponding  ones.     Of  late  years, 
therefore,,  obfervations  of  folar  eclipfes,  of  occultations  of  fix- 
ed flars  by  the  moon,  and   of  tranfits  of  the  inferior   planets 
over  the  fun's  difk,  when  made -under  favourable  circumflances, 
have  been  mofl  fought  for,  and  ufed,  when  they  could  be  ob- 
tained, for  determining  differences  of  meridians.     In  thefe  ob- 
fervations, the  difference  of  times  is  not  the  difference  of  me- 

g  ridians. 
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ridians,  but  is  fometimes  more,  and  fometimes  lefs,  according 
to  the  parallaxes.     Thefe,  therefore,  muft  be  carefully  comput- 
<^d  j  and  the  tedioufnefs  of  the  procefs  has,  doubtlefs,  prevent- 
ed obfervations    of  this  kind  from  becoming  fo  generally  ufe- 
ful,  as  they  would  otherwife  have  been.     But,  as  the  difficulty 
may  appear  lelTened,  by  having  the  whole  operation  brought 
into  one  view,  I  now  take  the  liberty  of  doing  it,  for  the  lake 
of  thofe  who  have  not  made  great  advances  in  aftronomy,  fhould 
any  fuch  meet  with  this  paper.     I  have  taken,  for  examples, 
thofe   obfervations    which   have  led  to  a  determination  of  the 
difference  of  meridians  between  London  and  Cambridge,  and 
Paris  and  Cambridge.     An  accurate  determination  of  this  dif- 
ference may  be  very  ufeful.     Hereby,   the  aftronomic  tables, 
which  have  been  fitted  to  the  meridians  of  the  celebrated  ob- 
fervatories  of  Paris  and  Greenwich,  are  made  our  own,  for  all 
the  purpofes  of  calculation  ;  and  our  obfervations  may  be  made 
ufe  of,  for  corredling  and  improving  thofe  tables  :  And  fhould 
new  ones  be  conftrudled  for  Cambridge,  the  fame  may  be  ac-^ 
commodated  to  the  European  obfervatories. 

PROBLEM. 

Given  the  moon's  longitude,  latitude,  horizontal  paralla:i= 
and  horizontal  femi-diameter,  together  with  the  altitude  of  the 
nonagefimal  degree  of  the  ecliptic,  and  the  angle  of  it's  pole, 
or  angle  P/>Z,  and  confequently  the  longitude  of  the  nonagefi- 
mal degree,  to  find  her  parallax  in  latitude  and  longitude,  her 
vifible  femi-diameter,  or  femi-diameter  augmented  agreeably  to 
her  altitude  or  zenith  diftance,  and  the  vifible  difference   of 


longitude  between  the  fun  and  moon  ? 


If 
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If  the  proccis  be  trigonometrical  we  muft  firll  find  the 
moon's  altitude  and  parallactic  angle. 

In  plate  I,  figure  I,  let  the  arc  pel^  cut  the  ecliptic  in  6^=; 
the  moon's  longitude,  and  let  the  arc  I  a  t  mark  out  her  lati- 
tude i  then  the  point  of  interfedtion  of  the  two  arcs  at  D,  will 
be  the  moon's  true  place  or  pofition.  Let  the  vertical  arc 
ZDNbedrawnj  then,  in  the  ti-iangle/>DZ,  the  fide  Zd  will 
be  the  moon's  zenith  diflance,  or  co-altitude,  and  the  angle 
p^X  her  parallactic  angle  ;  to  find  v/hich,  there  are  given  two 
fides  and  the  included  angle,  viz.  the  fide  />Z  =  the  altitude 
of  the  nonagefimal  degree  ;  the  fide  p^  ■=  the  moon's  difi:ance 
from  p  one  of  the  poles  of  the  ecliptic  =  the  complement  of 
her  latitude,  and  the  angle  Z/>  D  =  the  difference  between  the 
moon's  longitude  and  the  longitude,  of  the  nonagefimal  degree. 

From  7j  let  fall  the  perpendicular  Tjd,  dividing  the  oblique 
angled  triangle /D  Z  into  two  right-angled  triangles,  right-an- 
gled at  d. 

For  fide  Z  D  the  moon's  zenith  difi:ance. 
Radius  :  Sine  Co-angle  ZpD  \\  Tangent  ^Z  :  Tangent />tf^. 
Take  pd  from  /  D     and  the  remainder  will  ht  ^d  -,  then  fay 
Sine  Qo-pd  :  Sine  Co-D  d  ::  Sine  Co-/Z  :  Sine  Co-Z  D. 

For  angle/)])  Z,  the  moon's  parallactic  angle. 
Sine  D  d  :  S'mepd::  Tangent  angle  ZpD  :  Tangent  angle /])Z. 

We  mufi:  next  find  the  moon's  parallax  in  altitude,  prepara- 
tory to  which,  let  the  moon's  diftance  from  the  earth  in  femi- 
diameters  of  the  earth  be  found. 

B  2  In 
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In  plate  I,  figure  II,  in  the  plain  right-angled  triangle  B  A  C, 
right-angled  at  B,  let  C  B  be  the  femi-dianieter  of  the  earth, 
which  call  i,  the  angle  B  A  C  the  moon's  horizontal  parallax, 
the  hypotenufe  C  A  the  moon's  diftance  from  the  earth's  cen- 
ter in  femi-diameters  of  the  earth,  to  find  which  fay  Sine  an- 
gle BAC  :  fide  B  C  ::  Radius  :  hypotenufe  C  A. 

Having  found  the  moon's  diftance  from  the  earth's  center, 
there  are  given  in  plate  I,  figure  III,  in  the  plain  oblique  • 
.^.ngled  triangle  B  A  C,  the  fide  A  C  =  the  moon's  diftance  from 
the  earth's  center,  the  fide  B  C  =  the  earth's  femi-diameter, 
and  the  included  angle  B  C  A  =  the  moon's  true  zenith  dif- 
ance,  to  obtain  angle  B  A  0=  the  difference  between  angle 
B  C  A  the  true  zenith  diftance  and  DBA  the  vilible  zenith 
diftance  =  the  moon's  parallax  in  altitude  ;  to  find  which,  fub- 
tra(£l  angle  B  C  A  from  i8o°  the  fum  of  the  three  angles,  the 
remainder  will  be  the  fum  of  the  tv/o*  unknown  angles  ABC 
and  BAC:  Take  the. fum  and  difierence  of  the  fides  A  C  and 
B  C  j  then  fay,  the  fum  of  the  two  fides  A  C  and  B  C  :  their 
difierence  ::  the  Tangent  of  half  the  fum  of  the  two  unknown 
angles  :  the  Tangent  of  half  their  difference.  Subtract  the 
half  difierencp  from  the  half  fum,  and  the  remainder  will  be 
the  leffer  angle  BAC  =  the  moon's  paralbx  in  altitude,*  which 

added 

*  The  common  method  of  deducing  the  moon's  parallax  in  altitude  from  her 
=true  zenith  diftance  is  by  approximation  ;  finding  the  parallax  for  the  true  zenith 
diltance  as  if  it  were  the  vifible,  by  adding  together  the  logarithmic  Sine  of  the 
zenith  diftance  and  of  the  horizontal  parallax  :  then  adding  the  parallax  thus  found 
to  the  true  zenith  diftance,  and  confidering  the  fum  as  the  vifible  zenith  diftance, 
and  then  going  over  the  work  again  ;  but  I  have  exhibited  the  above  method  as. 
the  dired  one  ;  and  it  Is  but  little  longer  than  the  otlier. 
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added  to  the  ti'ue  zenith  diftance,  will  give  the  vifible= angle 
DBA. 

For  the  parallax  in  latitude  and  longitnde. 
Having  found  the  moon's  parallax  in  altitude  fuppofe  it  iet 
off  plate  I,  figure  I,  upon  the  vertical  arc  from  D  to  m  towards 
the  horizon,  becaufe  the  vifible  zenith  diftance  is  greater  than 
the  true  ;  then,  the  point  m  will  be  the  moon's  vifible  place, 
or  her  place  as  itt.i\  from  fome  given  fpot  on  the  earth's  furface. 
From  />  to  L,  through  tn,  let  the  arc  pniL  be  drawn  i  then, 
in  the  triangle  pm^,  the  angle  mp  D  =  the  diftance  between  n 
and  e  on  the  ecliptic  is  the  moon's  parallax  in  longitude  ;  and 
the  fegment  my,  of  the  fide  pm,  is  her  parallax  in  latitude  ; 
to  find  which  by  fpheric  trigonometry,  there  are  given  two  fides 
and  the  included  angle,  viz.  fide/>T),  the  moon's  diftance  from 
the  pole  of  the  ecliptic  ;  the  fide  D;//,  the  moon's  parallax  in 
altitude,  and  angle/ D  m  =  the  fupplement  of  angle  />])  Z  to  1 80  °  * 
Or  it  may  be  more  convenient  to  take  the  triangle  L^m  ;  in 
which,  are  given  fides  L D  and  Dm  and  the  included  angle  Ld//?, 
=/D  Z  to  obtain  the  fame  things.  But  the  moon's  parallax  in 
latitude  and  longitude  may  be  found  moreeafily,  by  the  follow- 
ing method.^ — Let  fall  the  perpendicular  mr  upon  the  arc  pD  L  ; 
then,  there  will  be  formed  aright-angled  triangle  Dmr,  right- 
angled  at  r.  As  the  perpendicular  m?\  in  eclipfes  of  the  fun, 
and  even  in  occultations  of  fixed  ftars  by  the  moon,  will  al- 
ways be  near  the  ecliptic,  it  may  be  confidered  as  parallal  to  it, 
without  any  fenfible  error  ;  confequently,  the  fide  mr  may  be 
reckoned  =  the  fegment  j///?.  We  may  therefore  call  the  fide 
Dr  the  moon's  parallax  in  latitude,  and  the  fide  w/^,  augmented 
in  the  ratio  of  the, Sine  of  the  moon's  vifible  co-latitude  to  ra- 
dius^ 
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dius,  will  be  equal  to;/^,  the  parallax  in  longitude.  In  occul- 
tations,  when  the  moon's  latitude  is  confiderable,  this  augmen- 
tation muft  take  place  ;  but  in  Iblar  eclipfes,  her  latitude  is  al- 
ways fo  fmalt,  that  the  difference  between  7nr  and  ne  is  imper- 
ceptible ;  therefore,  mr  may  be  confidered  as  the  true  parallax 
in  longitude. 

As  the  fides  of  the  triangle  D  mr  are  very  fhort,  it  may  be 
reckoned  a  plain  one,  v/ithout  any  perceptible  error  ;  and  the 
fides  D  r  and  mr  may  be  found  by  plain  right-angled  trigonome- 
try, the  hypotenujfe  >;/;,  and  the  angle  7//D  r  =  angle  ^D  Z, 
being  given. 

For  fide  d  r,  the  moon's  parallax  in  latitude. 
Radius  :   D  7;^  in  feconds  ::  Sine  co-angle  ml)r  :  fide  ])r  in 
feconds. 

For  fide  mr,  the  parallax  in  longitude. 
Radius  :  Dm  in  feconds  ::   Sine  angle  m^f  -  fide  mr    in 
feconds. 

General  rules  for  applying   the  Parallaxes. 

In  a  place  in  north  latitude,  when  the  moon's  latitude  is 
north,  if  the  parallax  in  latitude  is  lefs  than  the  true  latitude  of 
the  moon,  fubtradl  it  from  her  latitude  -,  the  remainder  will  be 
her  vifible  latitude  north.  If  the  parallax  be  the  greater,  fub- 
tradt  her  latitude  therefrom  -,  the  remainder  will  be  the  moon's 
vifible  latitude  fouth.  If  the  true  latitude  of  the  moon  be 
fouth,  the  parallax  in  latitude,  whether  greater  or  lefs,  muft  be 
added,  and  the  vifible  latitude  will  be  fouth.  Thefe  rules  mufl 
be  inverted,  when  the  latitude  of  a  place  is  fouth. 

The 
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The  parallax  in  longitude  muft  be  added  to  the  moon's  true 
longitude,  to  give  the  vifible,  when  her  true  longitude  is  to  the 
eafl  of  the  nonagefimal  degree,  otherwife,  it  is  to  be  fubtradted. 

If  the  moon's  true  latitude  and  longitude  are  to  be  found 
from  the  vifible,  the  above  rules,  for  applying  the  parallaxes, 
mull  be  inverted. 

For  the  moon's  augmented  or  vifible  femi-diameter  according 
to  her  altitude  or  zenith  diflance. 

The  vifible  diameter  of  the  moon,  to  a  fpeftator  on  tlie  fur- 
face  of  the  earth,  is  continually  enlarging,  from  the  horizon  to 
the  zenith  -,  becaufe  the  femi-diameter  of  the  earth  bears  a  (q\\^ 
fible  proportion  to  the  moon's  diflance.  When  the  moon 
is  in  the  zenith  of  an  obferver  on  the  earth's  furface,  fhe  is 
nearer  to  him  by  alm>ofl  a  whole  femi-diameter  of  the  earth, 
than  when  fhe  is  in  his  horizon.  In  the  horizon,  therefore, 
the  moon's  vifible  diameter  mufl  be  the  leafl,  and  in  the  zenith 
the  greatefl  of  all. 

The  vifible  diameter  of  any  planet  is  inverfely  as  it's  diflance 
from  us  i  therefore,  to  find  the  moon's  augmented  femi-dia- 
meter, from  her  horizontal,  at  a  particular  zenith  diflance,  we 
muil  fay, — The  moon's  diflance  from  the  earth's  furface  at  the 
given  vifible  zenith  diflance  :  her  horizontal  diflance,  or  dif- 
tance  from  the  earth's  centerf  ::  her  horizontal  femi-diameter  : 
her  augmented  or  vifible  femi-diameter  at  the  given  zenith  dif- 
tance.     But  fides  of  plain  triangles  are  meafured  by   the  fmes 

of 

t  Th-e  moon's  diftance  from  a  fpe<flator  at  the  eaith's  center  is  the  fame,  at  cve^ 
jy  altitude,  as  her  horizontal  diHance, 
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of  the  oppofite  angles  3  thus  in  pkte  I,  figure  III,  line  angle 

BCA,  the  moon's  true  zenith  diilance,  meafures  the  lide  AB, 

the  moon's  diftance  from  a  fpediator  on  tlie  earth's  iur- 
face  ;  and  fine  angle  ABC,  or  which  is  the  fame,  fine  angle 

DBA,  the  moon's  vifible  zenith  diftance  meafures  the- fide  A  C, 
the  mioon's  difi:ancc  from  the  earth's  center  =  her  horizonta^l 
difiiance.  We  may  therefore  fay.  Sine  angle  ilC  B,  tlie  moon'.s 
true  zenith  diftance  :  fine  angle  DBA,  her  vifible  zenith  dif- 
tance ::  her  4iorizontal  femi- diameter  :  her  augmented  or  vifi- 
ble femi-diameter.* 

For  the  vifible  diiference  of  longitude  betvv'een  the  center  of 

the  fun  and  moon. 
To  obtain  this,  there  are  given  the  fum  of  the  fun's  hori- 
zontal femi-diameter,  and  the  moon's  augmented  or  vifible  femi- 
diameter,  at  the  time  of  the  obferved  beginning  or  ending  of 
the  eclipfe,  for  which  the  calculation  is  made,  and  tlie  vifible 
latitude  of  the  moon  from  the  fun,  found  by  properly  apply- 
ing the  parallax  of  latitude  from  the  fum,  by  which  a  plain 
right-angled  triangle  may  be  formed.  Thus  in  the  plain  right- 
angled  triangle  gEd,  plate  I,  figure  IV,  there  will  be  given 
the  hypotenufe  ©  3)  =  the  fum  of  the  femi-diameter  of  the  fun 
or  moon,'!'  or  vifible  diftance  of  their  center,  and  the  fide  Ed, 

the 

*  The  augmentation  of  the  moon's  femi-diameter  to  her  altitude  or  zenith  dif- 
tance may  be  found  in  fome  aftronomical  tables  ;  but  I  thought  it  befl  to  give  the 
trigonometrical  procefs. 

f  This  fum  of  the  femi-diameter  ought  to  be  diminifhed,  on  account  Ox^  dif- 
fraction, or  the  infle(ftio^j  of  the  rays  which  pafs  the  limbs  of  the  moon,  fuppofed  to 
be  caufed  by  her  atmofphere.  When  an  eclipfe  or  occultation  would  appear  to  us 
to  be  juft  begun,  were  there  no  inflexion>  this  caufes  her  limb  to  be  vifibly  diftant 

•from 
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the  vifible  difference  of  latitude  between  their  centers,  to  find 
the  fide  oE,  their  vifible  difference  of  longitude,*  This  may- 
be obtained  by  Euclide,  Book  I,  Prop,  47  ;  or  it  may  be 
found  by  common  trigonometry  thus  G  D  :  Hadius  ! :  E  5  : 
fine  angle  E 0  5)  ;  then  Radius  :  od  ::  fine  co-angle  Eoi;=: 
angle  Ed©  :  0E.  But  gE  may  be  obtained  more  expediti- 
oufly,  thus  ;  find  the  logarithms  for  the  fum  and  difference  of 
on  and  Ej)  j  the  half  fum  of  thefe  logarithms  is  the  loga- 
rithm of  ©E. 

Having  found,  for  the  place  from  whence  v/e  defign  to  reck- 
on- the  difference  of  meridians,  the  parallaxes,  and  the  vifible 
difference  of  longitude  between  the  centers  of  the  fun  and 
jnoon,  at  the  obferved  time  of  the  beginning  or  ending  of  a 
folar  eclipfe,  or  occultation  of  a  fixed  flar,  or  for  both  the 
beginning  and  ending,  where  both  have  been  obferved,  we  mufl 
•afiTurae  the  difference  of  meridians  in  time,  bet\veen  tlie  firfl 

C  place, 

from  the  limb  of  the  fun,  or  from  the  fixed  ftar  4I"' :  Therefore,  at  the  inftanr 
when  the  beginning  or  end  appears  to  us,  it  is  obvious,  that  the  centers  cannot  be 
fo  far  afunder  by  4!",  as  the  fum  of  the  femi-diameters  ;  and  by  fo  much  muft 
this  fum  be  dlminilhed.  For  a  brief  account  of  this  infle<5tion,  fee  Astronomie 
par  M.  DE  La  Lande,  tome  ii.  art.  1992,  is<^^i  edition  feconde, 

*  As  the  fim  has  a  vifible  latitude,  equal  to  his  parallax  in  latitude,  the  fide 
OE  is  not  a  portion  of  the  ecliptic,  bxu  is  parallel  to  it :  But  as  it's  utmoft  diflancc 
itomitcan  never  be  more  than  between  8"  and  9",  the  difference  between  this  fide 
and  the  vifible  difference  of  longitude,  is  imperceptible.  In  an  occultation,  whep 
the  flar's  latitude  is  large,  this  fide,  parallel  to  the  ecliptic,  mufl  be  enlarged,  to 
^ive  the  vifible  difference  of  longitude  between  the  flar  and  the  moon's  center,  in 
the  ratio  of  the  cofine  of  the  moon's  vifible  latitude,  or  of  the  flar's  latitude  to  Ra*- 
dius,  according  as  the  one  or  the  other  is  neareft  to  the  ecliptic. 
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place,  and  that  whofe  longitude  is  fought  j  and  muft  find  the 
parallaxes  the  augmented  femi-diameter  of  the  moon  and  the 
difference  of  longitude  between  the  centers  of  the  fun  and 
moon,  or  ftar  and  moon,  for  the  obferved  time  of  the  begin- 
ning or  ending  of  the  eclipfe,  or  occultation,  at  this  fecond 
place. 

We  are  next  to  find  the  time  of  the  true  ecliptic  conjundlion 
of  the  moon  and  fun,  or  moon  and  flar,  according  to  obfervati- 
on  :  And  here  we  are  to  obferve,  that  at  the  beginning  of  an 
eclipfe  or  occultation,  the  moon  is  vifibly  not  fo  far  advanced 
in  longitude,  as  the  fun  or  ftar,  therefore,  if  we  fubtradt  the 
vifible  difference  of  longitude  from  the  fun's  vifible  longitude,* 
or  from  the  ftar's  true  longitude, -f  we  fliall  have  the  vifible 
•longitude  of  the  m.oon.  If  to  this  vifible  longitude,  we  ap- 
ply her  parallax  in  longitude,  with  it's  proper  fign,  we  fliall 
have  her  true  longitude  according  to  obfervation,  the  fun's  or 
ftar's  longitude  being  fuppofed  to  be  accurately  given  by  the 
tables.  If  v/e  make  ufe  of  the  moon's  parallax  in  longitude 
from  the  fun  inflead  of  her  fimple  parallax,  which  will  pre- 
vent a  feparate  calculation  for  the  fun's  parallax  in  longitude, 
the  vifible  difference  of  longitude  being  fubtradted  from,  or 
added  to  the  fun's  true  longitude  will  give  the  moon's  vifi- 
ble longitude  nearly  j  and  her  parallax  in  longitude  from  the 
fun  properly  applied  to  this  will  give  her  true  longitude. 

The 

*  The  fun's  viable  longitude  is  found  by  applying  his  parallax  in  longitude  with 
the  proper  fign  to  his  true  longitude. 

f  As  the  fixed  ftars  have  no  perceptible  parallax,  there  can  be  no  dlftin^iou  in 
calculations  between  the  vifible  and  true  longitude. 
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The  difference  between  the  fun's  or  ftar's  longitude  and  the 
moon's  thus  found  will,  it  is  obvious,  be  the  true  difference  of 
longitude  between  them.  But  this  may  be  found  more  readily 
thus — In  eclipfes,  if  the  vifible  difference  of  longitude  and  the 
moon's  parallax  in  longitude  from  the  fun,  and  in  occultations, 
the  moon's  fimple  parallax,  be  both  additive  or  both  fubtrac- 
tive,  their  fum  is  the  true  difference  of  longitude,  between  the 
moon  and  fun  or  ftar.  If  the  one  is  additive,  and  the  other  fub- 
tradlive,  their  difference  is  the  difference  of  longitude. 

It  ibmetimes,  though  rarely,  happens,  that  the  moon,  at 
the  beginning  of  an  eclipfe  or  occultation,  has  paft  the  true 
conjunction,*  although  her  vifible  longitude  is  lefs  ;  this  is  the 
cafe  when  the  parallax,  being  additive,  is  greater  than  the  dif- 
ference of  longitude  between  the  moon  and  fun  or  ffar.  We 
muft  invert  this  rule,  to  know  whether  the  moon  has  paft  the 
true  conjunction,  at  the  end. 

The  true  diiterence  of  longitude  between  the  moon  and  fun, 
or  moon  and  ftar  being  found,  both  for  the  beginning  and  end- 
ing of  a  folar  eclipfe,  or  of  an  occultation,  where  both  have 
been  determined  by  obfervation,  the  fum  of  thefe,  when  the 
moon  was  on  different  fides  of  the  point  of  the  true  ecliptic 
conjunction,  at  the  beginning  and  ending  or  the  difference, 
when  fhe  was  upon  the  fame  fide  in  both,  will  be  her  whole 
motion  in  longitude  from  the  fun  or  flar  during  the  time  of  the 

C  2  eclipfe 


*  We  fliall  Hnd  an  Inftancc  of  this  at  the  beginning  of  the  (blar  eclipfe  at  Green- 
■wich,  June  24,  1778. 
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cclipfe  or  occultation,    according  to  obfervation.*     Then  we 
muft.fay.  This  whole  motion  :  the  whole  time  of  the  duration  : : 
the   difference   of  longitude  at  the  beginning  or  ending  :  the 
diftance  in  time  between  the  obferved  beginning  or  ending  and - 
the  true  ecliptic  conjunction.. 

When  die  beginning  or  ending  only  has  been  obferved,  at 
the  places  for  which  v/e  made  the  calculations,  we  muft  ufe  the 
.m.oon's  horary  motion  from  the  fun,  as  given  by  the  tables,  for 
the  fir  ft  term,  and  one  hour  or  3600'',  f^  the  fecond  term. 

The  time  thus  found  is  to  be  added  to  the  obferved  time  of 
the  beginning  of  the  eclipfe  or  occultation,  when  the  moon  is 
behind  the  true  conjunction  ;  but  if  £he  has  palTed  it,  then 
it  muft  be  fubtrad;ed  ;  and  the  fum  or  difference  will  be  the 
time  of  the  true  ecliptic  conjunction  according  to  obfervation. - 

This 

*  If  this  whole  motion  is  confiderably  different,  from  that  given  by  the  tables, 
and  we  make  dependance  upon  the  cbfervations  of  the  beginning  and  end  of  the 
eclipfe  or  occultation,  we  are  to  conclude,  thatthe  moon's  latitude,  by  the  tables, 
is  not  exadl ;  and  the  correft  latitude  muft  be  fought,  for  the  beginning  and  end.  - 
Thefe  being  obtained,  the  vifible  difference  of  longitude  between  the  fun's  antj 
moon's  center  is  to  be  found,  conformably  thereto.  By  this  it  is  fuppofed,  that 
the  moon's  horary  motion,  by  the  tables,  is  true  ;  which  may  be  concluded 
to  be  generally  the  cafe,  in  eclipfes  and  occultations  ;  and  indeed  it  is  much  more 
likely  that  the  latitude  Ihoiild  be  given  too  fmall  or  too  large,  in  the  tables,  than 
that  the  horary  motion  fhould  be  confiderably  erroneous  by  them.  In  more  thaa. 
five  hundred  longitudes  of  the  moon,  calculated  from  Mayer's  printed  tables,  by 
M.  Lemery,  which  he  compared  with  correfponding  longitudes,  deduced  from 
the  lunar  cbfervations  of  the  late  accurate  and  celebrated  Dr.  Bradley  ;  which  com- 
parifons  are  publilhcd  in  Coniioifance  des  Temps  pour  /'  Annee,  1783,  I  find  that  the 
error,  in  the  moon's  horary  motion  in  longitude  rarely  amounts  to  z".  It  is  not 
common  lor  it  to  exceed  \"  ;  and  it  is  generally  but  a  few  tenths  of  a  fecond.  We 
may  therefore  make  great  dependaiice  upon  the  horary  motion  given  by  thcfe  tables. 
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This  rule   is  to  be  mverted,  to  find  the   time  of  conjundlioa 
from  the  obfervation  of  the  end  of  the  echpfe  or  occultation. 

The  time  of  the  true  ecliptic  conjun(5tion,  according  to  the 
obfervations,  being  found  in  this  manner,  for  each  place,  the 
difference  of  times  will  be  the  difference  of  meridians. 

Let  the  preceding  rules  be  now  acemplified. 

The  beginning  of  a  folar  eclipfe  was  obferved  at  the  Royal 
^bfervatory  at  Greenwich,  by  Dr.  Mafhelyne,  the  Aftronomer 
Royal,  Auguft  5,  1766,  at  ^^'2gf^  ^6/'  P.  M.  apparent  time, 
and  by  his  affiftant  at  5^-  29'  58"  P.  M.  the  mean  being  ^\ 
29'  57".  The  end  was  oblerved  by  theDodor  at  7^-  11'  27'', 
and  by  his  affillant  at  7^-  1 1 '  40'/  P.  M.  the  mean  being  y^ 

The  fam-e  eclipfe  was  obferved  by  the  late  Dr.  Winthorp, 
Hollis  Profeffor  of  the  Mathematics  and  Natural  Philofophy, 
at  Cam-bridge,  who  made  the  beginning  at  1 1^-  39'  23''  A.  M. 
and  the  end  at  2^-  45'  9''  P.  M.  apparent  time. 

Required^ the  diffeffeiite  of  meridians  between  Greenwich  and  • 
Cambridge,  by  thefe  correfponding  obfervations  ? 

The  folar  and  lunar  elements  for  calculating  the  parallaxes, 
&e.  are  from  Mayer's  tables. 

For  Greenwich  at  5^-  29' 57'^ 
The  fun's' longitude,      _  4^-    13°   9'    51^'  o 

TJie  moon's  ecliptic  longitude,  4.    13     3     59    o 

The 
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The  moon's  latitude  north  decreafing. 

The  fun's  horary  motion. 

The  moon's  horary  motion  in  longitude  | 

in  the  ecliptic,  J 

The  moon's  horary  motion  in  latitude. 
The  moon's  horizontal  parallax  for  Greenwich, 
The  fun's  horizontal  parallax. 
The  moon's  horizontal  parallax  from  the  fun. 
The  lun's  horizontal  femi-diameter  by  1 

obfervation,  J 

The  moon's  horizontal  femi-diameter. 
The  obliquity  of  the  ecliptic. 
The  latitude  of  Greenwich  Obfervatory, 
Reduced  to  the  center. 
Complement  =  PZ 

From  thefe  elements  the  altitude  of  the  nonagefimal  degree 
has  already  been  found,  ^-     29°   38'    12" 

And  it's  longitude,  6       5       611 

From  which  fubtrad  the  moon's  longitude,  413       3     59 

The  difference  is  equal  to  angle  Zp  D,  i     22       2     1 2 

=  52       212 
For  the  moon's  zenith  diftance  and  paralla<ftic  angle.    Plate  I, 

Figure  I. 
For  fide  Z  D. 
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Sine  Co  pd  70     42     40  9  9749099 

Sine  Co  i>d  19     50     37  9  530781Q 

Sine  Co  />Z  60     21     48  9  9391086 

Sine  Co  Zd  18     12     56  9  4949797 

90 

5's-zen.  diH.    =Zd  71     47       4 

For  angle />3)Z. 

Sine                    2)^             70       9     23  9  9734755- 

:    Sine                   ;^^              1.9     17     20  9  518949s 

::  Tangent  angle  Z/*  ^           52       2     12  10  1077631 

:    Tangent  angle  ^])Z           24     13     ^5  9  6532974 
=  ?n<lr  the  paralla<Stic  angle. 

For  the  moon's  diftance  from  the  earth  in  femi-diameters  of  the 
earth.     Plate  L  Fie.  II. 

Sine  anele  BAC  =  the  moon's  1    o        /         no  -  /: 

.  r^     53     50        ^     1 94759^ 

horizontal  parallax  from  fun,  J 

:  ■  BC,  the  earth's  femi-diameter,   i 

:;  Radius  10. 


AC,  the  moon's  diflance  from  7  /        oz     *  o 

63     8617*         I      8052404 

the  earth  s  center,  J 


For 


*  This  is  not  ftri^ly  the  moon's  diftance  from  the  earth,  bccaufe  her  horizontal 
parallax  from  the  fun  is  here  ufed,  inflead  of- her  tru6  parallax  ;  but  the  immber 
thus,  found  is  tp  be  taken  for  the  next  procefs,becaufe,  in  thefe  calculations,jWe  find 
her  parallax  in  altitude,  latitude  and  longitude  from  the  fun,  to  prevent  feparate 
proceffes  for  his  parallaxes.  When  we  are  making  thefe  calculations  in  occultations 
of  the  €xed  flars  by  the  mocn,  her  true  horizontal  psrallas  w.iil  neccfTRril}'  be  ufedj 
becaufe  the  fixed  ftars  ba-ve  no  difcoverable  paralla;?. 
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For  the  moon's  parallax  in  altitude*     Plate  I,  Fig,  III. 

Sum  of  the  three  angles. 

Angle  BCA  ==  I^'s  zenitli  diftance. 


Sum  of  the  two  unknown  /.'s 
Half  fum 


i8q*  o'   o'- 
71  47     4 

180  12  56 
54     6  28 


Side  CA  =  D's  diftance  from  the  earth's  center^     6^     8617 

Side  BC  =  earth's  femi-diameter,  i 

>    '         .- 1... 

Sum  of  the  two  fides  including  the  known  angle,  64     8617 
Their  difference. 

The  fum  of  the  two  fides  ineludingl  .       g^ 
the  known  angle,  J 


t  Their  difference. 


62     8617 


64 

8617. 

62 

8617 

1 

8II9883 

I 

7983861 

10 

H04579 

::  Tangent  4-  fum  of  the  two")      «  6/28'' 

unknown  angles,  J 

:  Tangent  4- their  difference,      S3  15     5  10  1268557 

Leffer  angle  B AC  or  3>'s  paral-  7        c  i   2  ^ 

lax  in  altitude  from  fun,       J 

00 


3083 

The  finding  of  the  moon's  parallax  in  altitude,  from  her  true 
zenith  diftance,  may  be  much  facilitated  by  the  following 
ftiort  table,  which  I  have  calculated  for  the  purpofe. 


TABLE. 
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B 


E. 


D's  horiz.  par'^- 

Logarithms. 

DitFerence. 

53' 

0  0133919 

2526 

54 

■  0  013*^445 

2526 

55 

0  0138971 

2526 

56 

0  0141497 

2527 

57 

0  0144024 

2527 

58 

0  0146551 

2527 

59 

0  0149078 

2528 

60 

0  0151606 

2528 

61 

0  0154134 

2528 

62 

0  oii;6662 

The  firfl"  column  of  this  table  contains  the  moon's  horizon^ 
tal  parallaxes  in  minutes.  In  the  fecond  column  are  the  loga« 
rithms,  which  are  to  be  fubtrafted  from  the  logarithmic  tan- 
gent of  the  half  fum  of  the  two  unknown  angles  (found  ab 
above)  according  to  the  moon's  horizontal  parallax.  The  re- 
mainder will  be  the  logarithmic  tangent  of  the  half  difference 
of  thofe  angles.  The  degrees,  &c.  anfwering  to  this,  being 
fubtracfled  from  the  Iialf  fum,  will  give  the  parallax  in  altitude. 

The  ufe  of  the  table  exemplified. 

Required  the  moon's  parallax  in  altitude  from  the  fun,    her 
horizontal  parallax  from  the  fun  being    53  '  50  ",  and  her  true 
zenith  diftance  71°  47 '  4  ",  as  before  ? 
The  Tang.  4  fum  of  the  two!      ^    , ,    o,, 

unknown  angles,  as  above,  J 
Logarithm  from  the  table  for  53   50 

The  Tan  2:.  A  difference  of  the  1 

^  '  \53  ^5     5 


10 


two  unknown  angles. 


The  moon's   parallax  in  altI-1 
tude  from  the  fun,  as  before,  J 


1404579 
o  0136024 
9  1268555 


51  23 
D 


For 
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For  the  moon's  parallax  in  altitude  from  the  fun  by  approxi- 
mation. 

Sine  of  the  moon's  true  zenith!      ^  ^  .^^  .   ^,  ^  9776721 

diftance,  J 

Themoon'shoriz.  par.  from  the  fun,             3230"*^  3   5^92025 

Moon's  par.  in  altitude  from  fun  nearly         3068  ^  48  68746 

=  51'   8'< 

71  47     4 
The  moon's  vifiblezen.  difl.  nearly  72   38    12    Sine  9  9797448 

3230''  Log.  3   5092025 
Themoon's  par.  in  alt.  from  the  fun,     3082,  8  q  4.8804.7  7 

This  is  but  ~  of  a  fecond  different  from  the  parallax  which 
was  found  by  the  dired:  method. 

For  the  moon's  parallax  from  the  fun  in  longitude  and  latitude, 

Plate  I,  Figure  L 

Radius 
:    D/;2  the  moon's  parallax  in  alti- 1  ^^g^,,     ^     4889735 

tude  from  the  fun,  J 

::   Sine  angle />^Z=;..I>r  the  pa-l^,^^,    ^^,r  ^     6132407 

ralladlic  angle,  J 

:    ;//r  the  moon's  parallax  in  Ion- 7         1261:    7 

gitude  from  the  fun,  J  '         3      1022 142 

=  21'   5%3 
Radius 

:     D///  30^3''       3     4889735 

::  Sine 

*  The  arc  of  this  parallax  is  fo  imall,  that  we  may  nfe  the  logarithm  of  the  ft- 
'-onds  contained  in  it,  infte;\d  of  the  fine  cf  the  v.xc  without  any  fenfible  error. 
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::  Sine  co-angle /> 3) Z                  .  65^46'    5."       9     9599432 
:  2)r  the  m(x>n'.s  paral.  inlat.  frpmiuji,  281 1,  3 " 

=.:  46^51  ^   3        3       4489167 

For  the  moon's  vlfible  or  aug-mented  femi- diameter. 

TheSineof  the  moon's  true  zen.  dift.     71   47     4     9  9776721 

:  The  Sine  of  her  vilible  zen.  dift.       72   38  27     9  9797546 

::  Herhoriz.femi-diameter,i4'44",  5  r=  884",  5     2  9466978 

:  Her  augmented  femi-diameter,  888,    8 

2  9487803 

Such  is  the  trigonometrical  procefs,  for  finding  the  moon's 
parallax  in  latitude  and  longitude,  and  her  augmented  or  vifible 
femi-diameter  ;  but  aflronomers  have  invented  formulas y  which 
greatly  fhorten  the  work,  making  it  unneceiTary  to  find  the 
moon's  zenith  diftance,  parallad:ic  angle,  and  parallax  in  altitude. 
In  folar  eclipfes,  the  moon's  latitude  being  very  fmall,  the  for- 
mulas are  quite  concife  and  eafy. 

Let  the  parallax  in  latitude  be  called  Xy  and  in  longitude  y. 
Let  the  co-fine  of  the  altitude  of  the  nonagefimal  degree  be 
called  C  and  it's  fine  D.  Let  the  moon's  horizontal  parallax 
or  her  horizontal  parallax  from  the  fun  be  called  /,  her  vfible 
latitude  /,  and  true  latitude  L.  Let  the  diftance  between  the 
moon's  vifible  longitude  and  the  longitude  of  the  nonagefimal 
■  degre  =  Z/w  in  Plate  I,  Fig.  I,  be  called  b  ;  the  true  —  Z/>5, 
B.  Then,  the  vfible  latitude  and  longitude  of  the  moon  be- 
ing given, 
X  ==  /»C  4^  pV>  fine  /  co-fine  by 

V  ==  /)D  fine  b,  ^, 

■^       ^  D2  The 
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The  fubtradtive  fign  —  is  to  be  ufed,  when  the  moon's  lati- 
tude is  north,  the  additive  -4^  when  it  is  fouth. 

In  occukations,  when  the  moon's  latitude  is  large, 
X  =  pC  co-fine  /  ^  />D  fine  /  co-fine  l?^ 
y  =  pD  fine  IfVi-G-  y,  found  by  />D  fine  by-  mufi:  be  enlarged 

Sin  ratio  of  the  co-fine  of  the  moon's  true  la.- 

Co-fine  L  JtUude  to  Radius. 

Forjnulas  have  been  invented  to  find  the  parallaxes  in  a  dired 
way,  when  the  moon's  t^'ue  latitude  and  longitude  are  given  y., 
but  it  is  rather  eafier>  in  this  cale,  to  come  at  them  by  approx- 
imation, thus. 

Add  together  logarithm  />,  fine  D,  fine  B,  which  will  give 
jy  or  the  parallax  in  longitude  nearly.  Add  the  parallax  thus 
found  to  B,  which  will  give  b  nearly,  viz.  the  diftance  be- 
tween the  moon's  vijible  longitude  and  the  longitude  of  the 
nonagefimal  degree.  Then  log.  />,  fine  D,  fine  b  thus  nearly 
found,  will  give_y,  the  parallax  in  longitude,  fufiiciently  exad: ; 
and  this  added  to  B  will  give  corred  b.  Add  together  log.  p, 
fine  C,  which  will  give  a-,  or  the  paralMx  in  latitude  nigh  the 
truth.  This  being  properly  applied  to  L,  the  moon's  true  la- 
titude, \m\\  make  /,  the  vijible  latitude,  nearly.  Then  add  to- 
gether log.  py  fme  D,  fine  /,  thus  nearly  found,  and  co-fine  <$, 
which  give  the  logarithm  of  a  number,  that  added  to,  or  fub- 
traded  from  x,  as  before  nearly  found,  will  make  the  corred: 
parallax  in  latitude. 

With  refpedt  to  the  moon's  augmented  fenii-diameter  we  may 
lay  B  :   C  ::    the  moon's  horizontal  fcmJ  -  diameter  :  her  aug- 
mented 
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mented   femi-diameter.     Her  augmented  femi-diameter,  thus 
found,  will  be  fufficiently  corred  for  all  purpofes. 

Exemplification.' 
The  co-altitude  of  the  nona-lg^.^^,  ^g„  g;,^^  ^  ^,^^^gg  ^ 

gefimal  degree,  3 

The  altitude  of  the  nonage-|^^  ^3   ^^    Sine  9  694.647  D 

limal  degree,  J 

The  moon's  horiz.l      j      ,,  w      t 

c        ,     r      }53'50'  =  323Q'      Log.  3  5092025 /» 
par.  irom  the  iun,  J 

The  dill,  between  the  moon's  •^ 

true  long,  and  the  long,  of  >52     212     Sine  9  8967492  B 

the  nonagefimal  degree,       J 

The  moons  true  latitude,  33  17  N  =  L 

P  3  5092025 

D  9  6941970 

B  9  8967492 


y   nearly  1259'''  3   100 1487 
=  20'  59 
B  52  2   12 


^j  nearly  52  23   1 1  Sine  9  8988045 

j)D   3  2033995 


1265'',  3     3     1022040. 
=  21'    S">   3   "^'^  paralbx  In  long,  froi)-}  c) 
B  52     2   12 


^.  correct  52- 23    jy  SinQ  9   89SSJ4 
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Pi  5^92025 
C  9  9390986 


X  nearly  2807'',  4             3  448301 1 

=  46/  47"       S 

^*s  true  lat.  =  L  33    17'       N 

-f- 

/  nearly,  viz.  d's  vif.  lat.  13    30  S  Sine  7  594058S 

P^  3  2033995 

Co-fine  ^  9  7855507 


3",  8         o  5830090 
X  nearly  46'  47,     4 

.jc  corre<St  46  51,     2  D's  parallax  in  lat.  from  o 

Sine  B  52°   2' 12''  9  8967492 

:    Sine  B  52  23   17  9  8988143 

::  The  moons  horlz.l  ^,^^,^  ^  ^  gg^,,^  ^  ^  ^^^^^^g 

femi-diameter,         J 

:    Her  au2:mented  or  vifible 7  000    o 

^     .    ,  f  o^o>  ^  2  948762Q 

femi-diameter,  J  ^  •    /      y 

:=  14'  48'',   8 

By  thefe  refults  it  appears  that  the  foregoing  formulas  find 
the  parallaxes  and  augmented  femi-diameter  of  the  moon  to 
great  exadtnefs. 

Let  us  now  find  the  vifible  difference  of  longitude  between 
the  center  of  the  fun  and  moon,  at  Greenwich,  at  5*^-  29'  ^j'\ 
when  the  eclipfe  begun  there,     Plate  I,  Fig.  IV. 

The 
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The  o's  horizontal  femi-diameter,  15'   47'',  o 

The  I)'s  augmented  femi-diameter,  14     48,    8 

Sum, 

Subtract  for  infled:ion, 

Vifible  dillance  of  centers. 


Hypotenufe  0])  1B31,   3 

The  d's  parallax  in  latitude  from   o,  46'    51'',  2    S 

The  moon's  latitude,  —  33      17,    o  N 

The  D's  vifible  latitude  from  o,  13     34,    2    S 

60 


30 

35>    8 
4>    5 

30 
60 

31.    3 

Side  Ed  814,    2 

Hypotenufe  gD  ^831,   3 

Side  Ed±  814,   2 

Sum,  2645,   5  3  422507S 

Difference,  1617,' i'         3  0073637 

2  I  6  4298715 

Side  ©E  =  the  vifible  diff.  long-,  of  1     ,  ■-:-{«/      ^ 

••'';-    \,    ,  ^        }  i<^^40>  3       <«^V^i%3f7 

;:0  fe^ng  d  s  center,  J.     .     •  r,. .  ,  , ,  r    .•  - 

==  27  20,   3 
.For  the  moon's  true  longitude  according  to  obfervation. 

■  ■■■•'  <ci;'):^;  ••:.f:  •.^:ri  £:; A  room  t;Hj  ;/    ' 

•Ffoni  the.fun's  true  long.  aug..  5P:-,5?^a9'-5.7  ''•;4^'^'? 3E.^rf:9  ';5'*V-'»o 
■Siii^ti'ad  G's and  D's  viiible  diff.'teg.-byobietvMion^,  :•:  .afr-ao,   3 

R-qmains 
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Remains  the  3) 'svifible  longitude  nearly,  4    12  42   30,  7 

Add  the  moon's  parallax  in  longitude  from  the  G.  +  21      5,  3 

The  fumis  the  d's  true  long,  according  to  obferv.  413     336,0 

The  true  diff.  of  long,  of  0  and  5)  according  to  obferva.     6   1 5 

60 


375 

Let  us  now  find  the  requlfites  for   7^-  11'   334^"  when  the 
eclipfe  ended  at  Greenwich. 

Elements  for  computing  the  parallaxes,  Sec.  at  7^-11'  33I'' 

The  fun's  longitude,  4^-  1 3  °  1 3 '  54' *  j; 

The  moon's  ecliptic  longitude,  4     13  53  55j    6 

The  moon's  latitude  north,  28  40,   6 

The  fun's  right  afcenfion,  135  42   33 

The  right  afcenfion  of  the  mid-heaven,  243  25  55 

Angle /PZ,  26  24     5 

Complement,  ^3   35  55 
Side  PZ  as  before,  as  alio  the  i)'s  horizontal  parallax.* 

From  thefe  elements  are  found 
The  altitude  of  the  nonagefimal  degree,  20°  1 1 '   5'' 

Angle  FpZ,  126  12  38 

The  longitude  of  the  nonagefimal  degree,  7^*     6  12  38 

Angle 

♦  As  the  moon  was  near  her  apogee,  the  horizontal  parallax  altered  Co  very  little, 
in  a  few  hours,  that  the  fame  may  here  be  taken  for  the  end,  as  for  the  Ijeginning. 
If  the  moon  is  not  near  her  apogee  or  perigee,  at  the  time  of  a  folar  eclipfe,  al- 
lowance ftiould  be  made  for  the  alteration  of  the  horizontal  parallax,  between  the 
beginning  and  end. 
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Angle  Z/D  —  B,  82''i8'42" 

The  moon's  parallax  in  longitude  from  the  fun,       18  25,  3 
The  moon's  parallax  in  latitude  from  the  fun,  50   32,   5  S 

The  moon's  augmented  femi-diameter,  14.  45,   i 

The  fum  of  the  o's  and  d's  femi-diameters — 4'  ',5 ")    r.       ,  ,, 

for  infledion  =  0  D  J 

The  moon's  vifible  latitude  from  the  0  =  Ei)  1311*    9S 

The vifiblediff.oflong.ofthe o's 6c X)'s centers  =oE  1272,    4 

=  21 '   12",  4 

To  the  fun's  true  longitude  at  7''- II '  33"!-  4'^- 13^13'    54'S'5 
Add  the  vifible  diff.  of  long,  of  ©  and  ?/  by  obferv.  -f-  2 1     12,    4 

The  fum  is  the  D's  vifible  longitude  nearly,,    4   13   35        6,    9 
.Add  the  J)'s  parallax  in  long,  from  the  fun,  -h  iS     25,    3 

The  fum  is  the  D's  true  long,  according  to  obf.    41353      32,    2 

The  true  diff.  of  long,  of  0  and  d  at  the  end  by  obf,  39     27 y    7 

60 


=  2377,7 

The  true  diff.  by  obfervation  at  the  beginning,  +375,0 

The  whole  motion  of  the  d  from  the  o  in  1 
the  ecliptic  by  obfervation,  J 

By  Mayer's  tables 
The  moon's  long,  at  the  beginning  of  the  eclipfe,4''  13*   3'59'SO 
Ditto  at  the  end,  4     13   53   55»    ^ 

The  difference  Tr=  the  moon*s  whole  motion  p  ,     , 

during  the  eclipfe,  ^  49  5  » 

E  The 
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The  fun's  motion  for  the  fame  time,  —  4'  3, "  5 


The  whole  mo  tion  of  the  j)  from  the  o  by  Mayer's  tables  4  5   53,    r 

60 


2753^ 


By  this  it  appears,  that>  the  whole  motion  of  the  moon  from 
the  fun  in  the  ecliptic,  by  obfervation,   differs  but  o",  4  from 
that  given  by  the  tables  :  Therefore,   if  we  fuppofe  the  horary 
motions  by  theie  to  be  corred:,  the  latitude  will  be  nearly  exadt,. 
the  obfervations  being  allowed  good. 

For  the  time  of  the  true  conjun6tion  of  the  fun  and  moon  ac- 
cording to  obfervation. 
The  beginning  of  the  eclipfe  by  obf.  at  Greenwich,      5^-29'  ^j '  *' 
The  end,  7    11   33^- 


The  difference  =  the  duration 


I    41   36^ 
60 


lOI 


60 


6o96t 


The  whole  motion  of  J>  from? 
the  o  during  the  eclipfe,      * 
:  The  time  of  the  duration,  60967, 

: :  Diff.long.  ])  &:  o  at  the  beginning  by  obf.  375,0 

;  The  time  from  the  begin .  to  ecliptic  conj  u .  8  3  of 

sx  13^  50 


2752",  7  3  4^975^9 

3  7850806 
2  5740313 


»/» 


2  9193530 


To 
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To  thetimeof  the  beginning  of  the  cclipfe  by  obferv.  5^- 29'  57" 
Add  13  50-^ 


The  fum  is  the  time  ofeclipticconjundtion  by  obferv,  5  43  474. 

Scholium. 

From  the  obfervation  of  the  beginning  or  ending  of  a  folur 
eclipfe,  at  a  place,  for  which  aftronomic  tab  lee  have  been  coa- 
ftrud:ed,  or,  at  a  place,  whofc  difference  of  longitude  from  that, 
for  which  the  tables  have  been  conflrudled,  is  accurately  afcer- 
tained,  the  error  in  the  moon's  longitude  as  given  by  them, 
may  be  known,  if  they  have  given  her  latitude  exa6t,  or  the 
error,  if  there  be  one,  has  been  correded  by  obfervation. 
For  example,  when  the  foregoing  eclipfe  began  at  Greenwich, 
the  moon's  longitude,  by  Mayer's  printed  tables,  was  4'^'  1 3  "  3 ' 
59",  o,but,  deduced  from  the  obfervations,  it  was  but  4*-  13* 
3'  36",  o  ;  the  error  of  thefe  tables,  therefore,  in  the  moon's 
longitude,  at  that  time,  was -t- 23",  fuppoling  the  latitude 
cxadt.     By  the  obfei-vation  of  the  end  the  error  was  23  ",  4. 

Having  found  the  time  of  the  ecliptic  conjundion  of  the 
fun  and  moon,  at  Greenwich,  as  deduced  from  the  obfervations 
of  the  beginning  and  ending  of  the  eclipfe,  we  are  next  to  find 
the  conjundiion  at  Cambridge,  from  the  obfervations  made  there. 

Letus  affume  the  difference  of  meridians  between  Green w^ich 
and  Cambridge  to  be  4'^-44'  25",  then,  at  11^  39' 23",  A.  M. 
when  tlie  ecUpfe  began  at  Cambridge,  it  was  4^-  23 '  43  ",  P.  M. 
at  Greenwich  ;  and  the  fun's  longitude  and  right  afcenfion,  and 
the  iTKJon's  latitude  and  longitude  were  the  fame,  at  each  place. 

E  2  Having 
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Having  found  thele  for  Greenwich,  at  5'^-  29'  ^f,  P.  M.  it 
will  be  eafy  to  obtain  them  for  4^-  23 '  48  ",  anfvvering  to  1 1'^» 
39'  23"  at  Cambridge,  by  the  folarand  lunar  motions  for  i^'-6' 
9  ",  the  difference  between  5^-  29 '  ^y ' '  and  4^-  23 '  48  ". 

Elements  for  Cambridge  at  1 1^-39'  23,  A.  M. 
The  fun's  longitude,  4^'  1 3 °   ?'  1 2^,5 

The  moon's  ecliptic  longitude,                          4    12  31   28,   1 

The  moon's  latitude  north,  2^   ^^'  ^ 

The  moon's  horizontal  parallax,,  54     *^»  5 

The  fun's  right  afcenlion,                                       135  35   25 

The  right  afcenfion  of  the  mid -heaven,               130  26  20 

Angle /PZ                                                              139  33  40 

=  40  26  20 

Complement    49  33   2.0 

The  latitude  of  Cambridge,                                    42  23   28  N 

Reduced  to  the  center,                                           4^  8   37 

Complement  =  PZ  47  51   23 

From  thefe  elements  are  found. 
The  altitude  of  the  nonagefimal  degree,  67     o     6 

Angle  PpZ  31    3<^   II 

The  longitude  of  the  nonagefimal  degree,         4      i   30   1 1 
Angle  Z/»D  =  B  ii      i    17  . 

The  moon's  parallax  in  longitude  from  the  fun,         '    9  36,8 
The  moon's  parallax  in  latitude  from  the  fun,  20  49,9  S 

The  moon's  augmented  femi-diameter,  14  57*'^ 

The  fum  of  the  o's  and  D's  femi-diameter — 4",  ^1      .q^q  ^ 

for  infledion  =  o  D,  J 

The  moon's  vilibk  latitude  from  the  fun  =  E  P ,  926,9  N 

The 
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The  vifible  difF.  of  long,  of  the© 's&D's centers  =  oE  1589'',! 

=  26'  29",! 
From  the  fun's  true  longitude  at  Cambridge,  7      s.      o 

at  11^-39'  23",  j   4    13     7    "^^^   S 

Subtra<5t  o's  and  d's  vifible diif.  long,  by  obfervation, —  26  29,    i 


4   12  40  43,  4 
Subtrad  the  moon's  parallax  of  longitude  from  o,    — 9   36,  8 


The  moon's  true  long,  according  to  obferva.     4  12   31      6,  6 

The  true  diif.  of  long,  of  o  &  D  according  to  obferva.   36     5,  9 

60 


2165.,  9 


Elements  for  the  end  of  the  eclipfe  at  Cambridge,   at   2'"-  45  ^ 

9",  P.  M. 
The  fun's  longitude,  4'^- 1 3  °  1 4'  ij",! 

The  moon's  ecliptic  longitude,  414     2  46,  7 

The  moon's  latitude  north,  27    ci,    c 

The  fun's  right  afcenfion,  13  c  43      i 

The  right  afcenlion  of  the  mid-heaven,  177     016 

Angle /)PZ  92  59  44 

=  87     o   16 
Complement 

From  thefe  elements  are  found. 

The  altitude  of  the  nonagelimal  degree,  c^'^     7  '^'^ 

Angle  P/>Z,  67  45   32 

The  longitude  of  the  nonagefimal  degree,         i  ,  j  o^k^   1% 

Angle 
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Angle  Z/»  J)  =  B,  23 ^^42 '  45  '^ 

The  moon's  parallax  in  longitude  from  the  fun,  17   31,  7 

The  moon's  parallax  in  latitude  from  the  fun,  32  22,   c 

The  moon's  augmented  femi-diameter,  14  54,  7 

The  fum  of  the  o's  and  ])'s  femi- diameters — 4"j51     jO-^    ^ 

for  infledion  =  ^:  3),  J 

The  moon's  vifible  latitude  from  the  o  =  E  D,  271,  S 

The  vihble  diif.  of  long,  of  o's  and  D  's  centers  =  oE      1 8 1 7,   x 

—  30  17,  I 
To  the  fun's  true  longitude  at  Cambridge,  1        § 

at  T"-  45'  9',  J 

Add  o's  and  V%  vilible  diff.  long,  by  obfervation,  -1-30  17,   i 

4  13  44  54.  ^ 
Add  the  moon's  parallax  of  longitude  from  o,      -4-17  31  >  7 


The  true  long,  of  the  moon  according  toobf.  414     2  26,  5 

The  true  diff.  of  long,  of  0  and  2>  according  to obferva.  47  48,  8 

60 


2868,  8 

The  true  difference  by  obfervation  at  the  beginning  1  ^  -c  -    ^ 

i\^'  39'  23",   A.M.  J    ^   ^'  ^ 

The  whole  motion  of  i.  from  ©in  the  ecliptic  by  obf.  5034,  7 

By  Mayer's  tables. 
The  moon's  long,  at  the  beginning  of  the  eclipfe,  4^- 1 2  *  3 1 '  2  8 '',  i 
Ditto  at  the  end,  4    H     2  46,  7 

DifF.  r=  D  's  whole  motion  in  the  ecliptic  during  |  186 

the  eclipfe,  J 

The 
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The  fun's  motion  for  the  fame  time,  7'  25  ",2 


The  whole  motion  of  ])  from  0  by  Mayer's  tables,  i   23  52*  4 

60 


83 
60 


5033>  4 


By  this  it  appears  that  the  whole  motion  by  obfervation  dif- 
fers but  I  ",3  from  that  given  by  Mayer's  tables. 

The  time  of  the   duration  of  the  eclipfe  by  obfervation  was 
31146". 

For  the  time  of  the  true  conjundion  of  the  fun  and  moon  at 
Cambridge  by  obfervation. 

The  whole  motion  of  3)  from  o  in  the!    rood.",'?  3  7019736 

ecliptic  during  the  eclipfe,  J 

J  The  time  of  the  duration,  11146        4  0471190 

::  Diff.long.  Dandoatthebegin.byobferv. 2165,  9  3   3356384 

:  The  time  from  the  beginning  to  the!     ^^^^        36807838 
ecliptic  6  by  obfervation,  J 

=  79^55'' 
Add  this  time,  =1^-19  ^^ 

To  the  time  of  the  beginning  by  obferva.    11    39  23 


Thefum  is  the  time  of  ecliptic  6  by  obferva.  o  59  18 
Time  of  ecliptic  <$  at  Greenwich  by  obferva.  5  43  474 


DifF.  =  the  diff.  of  meridians  between 
Greenwich  6c  Cambridge  by  obferva 


j       4  44  29^ 


Thus 
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Thus  it  appears,  that  accordinr^  to  the  obfervations  of  thl-^ 
eclipfe  made  at  Greenwich  and  Cambridge,   the  difference  of 
meridians  between  thofe  places  is    4^^-  44'  29'-^'  ;    fo  that  the 
time  that  was  afllimei  for  the  difference  was  very  near  the  truth. 
If  the  ditlerence  of  meridians,  thus  deduced,  is  in  any  caf^  con- 
iiderably  different  from  that  which  was  affumed,   this  refult  is 
to  be  confidered  as  only  the  approximate  difference,  and  is  to  be 
ufed  as  a  new-affumed  difference,  from  which  dedudiions  are  to 
be  made  for  the  true.     If  the  firft  refult  does  not  differ  more 
thm  two  or  three  minutes  from  the  affumed  difference  of  meri- 
dians, the  fame  parallax  in  longitude  and  latitude  may  be  ufed 
in  the  fecond  procefs,  which  were  found  and  ufed  in  the  iirff  ; 
becaufe    the    right  afcenfion  of  the  mid-heaven  will  not  differ 
more  than  6"  or  8  ' '  from  the  iirff  =  the  difference  in  the  fun's 
right  afcenfion,  which,  together  with  the  fmall  difference  in  the 
moon's  lono-itude  and  latitude,  will  make  fo  triflinT^  a  difference 
in  her  zenith  diftance  and  parallactic  angle,  that  the  difference  of 
parallaxes  will  be  inconfiderable.    All,  therefore,  that  is  neceffa- 
ry  to  be  done,  in  the  fecond  procefs,  is  to  find  the  fun's  longitude 
and  the  moon's  latitude  for  the  approximate  or  new  affumed  dif- 
ference of  meridians,    from  whence,   with  the   parallaxes,  we 
muff  deduce  the  difference  of  longitude  between  the  fun  and 
moon,  whereby  the  true  conjunction  will  be  obtained. 

For  lUuftration,  let  us  take  the  foregoing  obfervations  of  the 
folar  eclipfe,  and  affume  4^^-  42  25  for  the  difference  of  meri- 
dians between  Greenwich  and  Cambridge. 

According  to  this  affumption,  at  11^-39'  23",  A.  M.  when 
the  ecliple  began  dt  Cambridge, 
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The  fun's  longitude  by  the  tables. 
The  moon's  ecliptic  longitude. 
The  moon's  latitude. 
The  fun's  right  afcenfion. 
The  right  afcenfion  of  the  mid-heaven. 

Angle /»PZ 

Complement 

Plence 
The  altitude  of  the  nonagefmial  degree. 
Angle  P^Z, 

The  longitude  of  the  nonagefimal  degree. 
Angle  ZpD  =  'B, 

The  moon's  parallax  in  longitude  from  the  fun,  9   36, 

The  moon's  parallax  in  latitude  from  the  fun,  20  49,   8S 

G  i)  as  before,  1839 '',7 

Ed  or  the  moon's  vifible  ktitude  from  the  fun,  9 3 2,  4 

The  vifible  diff..of  long,  of  o's  and  D's  centers  =  ©E  1585,  9 
.  =26   25^,9 

The  D's  ecliptic  long,  by  obferva.  according  1     <. 

-       .  r  4  12° 3 1    5,  5 

to  the  above  ^Turr^ption,  J 

The  true  diff.  of  long,  of  g  and  I)  by  obfervation ")       /■ 

'  >     j  >      '2  O        2 ,    2 

according  to'  the  aflumption,  j 

60 


48.13^ 

'  7' 

1-7  "    f-r 
7       »/ 

4  12 

30' 

29,   1 

36 

22,  2 

K<5 

35 

3^ 

130 

26 

^5 

139 

33 

45 

40 

26 

15 

t   49 

33 

45 

67 

0 

7 

3^ 

29 

49 

4   I 

29 

49 

1 1 

0 

40 

J> 


2162,    2 


At  rhe  end  of  the  ecllpfe  at  Cambridge  at  2*^45'  9''  accord- 
ing to  the  above  afiuiioption, 

F  The 
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The  fun's  longitude,  4*- 1 3 '  1 4'  3^ "^9 

The  moon's  ecliptic  longitude,  4   -14     i   47,  7 

The  moon's  latitude,  "27  56,  9 

The  fun's  right  afcenfion,  135  42   5^ 

The  right  afcenfion  of  the  -mid-heaven  177     o   1 1 

Angle /-PZ,  92  59  49 

==    87       G     II 

^Complement  2  59  49 

Hence 

The  altitude  of  the  nonagefimal  degree,  53     74© 

Angle  P/Z  67  45   30 

The  longitude  of  the  nonagefim.al  degree,         5  7  45   30 

Angle  Z/)D  =  B  23  43  42 

The  moon's  parallax  in  longitude  from  the  fun,  17   31,  7 

The  moon's  parallax  in  latitude  from  the  fun,  32  22,  4 

OD  as  before,                                                .  18 37 '',2 

Ed  265,  5 

The  vifiblediff.  of  long,  of  o's  and  d's  centers  =  oE   1817,  9 

=  3o'i7':,9 
The -moon's  ecliptic  long,  by  obfervation  "J^ 

according  to  the  above  affumption. 
The  true  diff.  of  long,  of  0  and  ])  by  obferva.  at  the  end  |  ^ 

^f  thp'  f^rlinlp     ctrrnrcWncr  to  the  flflnmotion.  J 


I         4     14       2    22,    5 


of  the  eclipfe,  according  to  the  alTumption, 

60 


2869,  6 
The  difference  at  the  beginning  as  abov^,  2162,  2 

Thewholemotionof  J)  from  ©  accord. tothisaflum.  5031,  8 


M  A  T  H  E  M  A  T  I  C  A  L     PAPER  S.         43 

5031'',  8  :   11146^'  ::  2162'',  2  :  4789 1- '^  =    i^-i(/49i'/ 
The  beginning  of  the  eclipfe  at  Cambridge,  11     39  23 


The  ecliptic  g{  of  G  and])  by  obferva.  according  7 
to  the  foregoing  aliumption,  J 

Time  of  6  at  Greenwich  by  obfervation,  5  43  47.I- 


The  difFcrencc  of  meridians  by  tl^is  aflumption,       4  44  2S 

By  this  it  appears^  that  the  afTumed  difference  of  meridians, 
viz.  4*''-  42'  25'',  diiters  much  froiu  the  truth  :  But  the  paral- 
laxes refui'ting  from  this  afiumption,  arc  fo  very  near  thofe  re- 
fulting  from  the  firil,  that  it  is  evident  they  may  be  employed 
in  the  remaining  part  of  the  procefs,  v/ithout  caufmg  any  (en- 
fible  error.  Let.4''-  44' 35'',  the  diirerence  of  meridians  now 
found,  be  ufed  as  a  new-ailumed  difference,  which  will  give 
tlie  moon's  latitude  at  the  beginning  o£  the  eclipfe  at  Cam- 
bridge 3.6'  16",  5,  and  at  the  end  27  '51',  2,  and  by  a  pro- 
per procefs  we  Ihall  find  the  vifible-difference  of  longitude  of  O 
and  D  at  the  beginning  1589'',  3,  and  the  true  difference  2165  ^ 
6  i  and  at  the  end  the  vifible  difference  18 17,"  i,  and  the  true 
2868",  8.  Heace  we  find  the  time  of  ecliptic  conjundiion  at 
Cambridge  o^-  59'  17!'',  and  the  difference  of  meridians  be 
tween  Cambridge  and.  Greenwich  4'''  44'  30",  but  half  a  fe- 
cond  different  from  v/hat  it  was  at  firft  found. 

If  inftead  of  finding  the  difference  of  meridians  at  once,  by 
the  conjundion  at  each  place,  any  one  chufes  to  finu  it  by  the 
beginning  and  end  feparately,  he  may  eafily  ao  it. 

F  2  At 
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At  the  beginning  of  the  foregoing  cclipfe  at  Greenwich,  it 
appears,  that  the  moon's  ecliptic  longitude  by  obfervation  was 
4S.  j^^  3'  36'',  o,  but  when  it  began  at  Cambridge,  her  lon- 
gitude by  obfervation  was  but  4^-  12°  31^6"'.  The  difference 
is  32'  29'',  4  =  1949"?  4-  ^^t  us  find  how  long  the  moon 
v/as  in  paffing  over  this  portion  of  the  ecliptic,  thus, 

TheD'shorarymot-inlong.  29'29'',5=i769'V5     3   2478506 
::    I  hour,  36'^o  3   5563025 

1949,  4      3    28990 I Q 


-:  3966  3  5983529 

=  1'-  6'6'' 

Bv  this  it  appears,  that  it  was  i'^-  6  '6" after  the'eclipfe  be- 
«tin  at  Cambrido:e,  before  the  moon  had  the  fame  longitude,  as 
when  the  beginning  was  obferved  at  Greenwich  :  Therefore, 
to  11^-  39'  23^  A.  M.  add  i'^-  6'  6"  -,  the  fum  0^-45'  29^; 
/hews  the  time  at  Cambridge,  when  flie  had  the  fame  longitude 
as  at  Greenwich  at  ^^-  29  '  ^'j"  ,  and  the  difference  4^-  44'  28" 
is  the  difference  of  meridians  in  time,  between  thofe  two  places 
as  deduced  from  the  obfervations  of  the  beginning  of  this 
cclipfe.  By  a  fimdlar  procefs,  we  find  the  difference  reiulting 
from  the  obfervations  of  the  end  to  be  4^-  44'3ii-".  The 
mean  is    4^'-  44'  2  9^". 

Another  folar  eclipfe,  the  obfervations  of  which  wx  make  ufe 
of,  to  determine  the  difference  of  meridians  between  Greenwich 
and  Cambridge,  is  that  of  June  24,  1778.  As  the  clouds 
were  troublefom.e,  at  that  time,  at  Cambridge,  and  confequent- 
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Jy  the  obfervations  Ibmewhat  uncertain,  \vc  may  take  the  obfer- 
vation  of  the  end 'of  the  ecHpfe  made  at  Chelfea,  by  the  Rev. 
Mr.  Payfon,  wlio  had  a  very  favourable  time.  And  as  Mr. 
Payfon  and  I  have,  byterreftrial  meafurement,  made  with  much 
precilion,  found  Chelfea  to  be  26' '  in  time  eall  of  Cambridge, 
this  obfervation  is  the  fame  to  our  purpofe,  as  if  made  in  Cam- 
bridge. 

The  beginning  of  this  eclipfe  v/as  obferved  by  the  Rev.  Dr. 
Nevil  Mafkelyne,  at  the  Royal  Obfervatory  at  Green v/ich,  at 
3''-  40'  1 1  ",  and  the  end  at  5''-  25'  12"  apparent  time.*  At 
Chelfea,  the  end  was  obferved  by  the  Rev.  Phillips  Payfon,  at 
his  own  houfe,  at  1 1^'-  38'  23",  A.  M.  apparent  time. 

At  the  Royal   Obfervatory  at  Greenwich,   at  3^'"  40'  11"  appa- 
rent time. 
The  fun's  longitude  by  Mayer's  tables,  3^*3^   4'    2",o 

The  moon's  ecliptic  longitude,  33     6  32,  o 

The 


*  I  am  indebted  to  Mr.  De  La  Lande,  a  celebrated  member  of  the  Royal  Aca- 
demy of  Sciences  at  Paris,  for  the  European  obfervaticns  of  this  eclipfe  ;  who,  iii 
■a  very  obliging  manner,  in  a  letter  of  November  30,  1781,  communicated  them 
to  me.     They  are  as  follow  : 


At  Oxford, 

Greenv/ich, 

Deptfcrd, 

Stockholm, 

Paris, 

Beg.  3^-  33' 44" 

3^'  40'  1 1" 

3'T  ^0'  12'' 

5h-    4/  19" 

3b' 53/  15// or  13" 

End.  5      19   48 

5     25    12 

5     25  ii\ 

6     13  25 

Marfeilles, 

Pvidua, 

^Milan, 

•  Cadi/, 

Touloufc, 

Beg.  4     iz     0 

4     41   4^ 

4     29     9 

3      18  53 

3     52   27  or  24or  2: 

End.  6       I  46 

6     2 1  4 1 

612     0 

5     26  25 

As  the  beginning  only  was  obferved  at  Paris,  I  have  taken  the  obfervations  made 
iat  Greenwich,  v.-here  the  end  as  well  as  the  beginning  of  the  eclipfe  was  fecn. 


19'  20" 

>7^ 

2  23, 

O' 

37  3^, 

3- 

3  9> 

8 

6i  7, 

6 

B, 

4 

20  56 

23  21 

36  39 

23  21 

36  39 

15  47 

16  40, 

3 

28  6 

46  ASTRONOMICAL     and 

The  moon's  latitude  north  increafing. 

The  fun's  horary  motion. 

The  moon's  horary  motion  in  long,  in  the  ecliptic. 

The  moon's  horary  motion  in  latitude. 

The  moon's  horizontal  parallax. 

The  ilin's  horizontal  parallax,. 

The  fun's  right  afcenfion,,  93 

The  right  afcenfion  of  the  mid-hezvcn'y  148 

Angle  /PZ,  1 2 1 

r=    SS    2 

Compkment  3.1 
The  fun's  femi-diameter, 
The  moon's  horizontal  femi-diameter. 
The  obliquity  of  the  ecliptic,  23 

PZ,  5cc.  as  before. 

Hence 
The  altitude  of  the  nonagefimal  degree,.  54  13  45 

Angle  P/>Z,  41      5     7 

The  longitude  of  the  nonagelimal  degree,        411      S     7 
Angle  Z/D  =  B,  37  58   35 

The  moon's  parallax  in  longitude  from  the  fun,  30  47,  6 

The  moon's  parallax  in  latitude  from  the  fun,  35  5°,   i 

The  moon  s  augmented  femi-diameter,  16  51,  8 

The  fumof 0  's  6c3)'s  femi-diam. — 4  ',5  for  infl.=  o  D,   1 954",3 
The  moon's  vifible  lat.  from  the  fun  =  Ei>  9^9,  4 

The  vifible  diff.  of  long,  of  ©'sand  Ds centers  oE,       1685,  3 

=  28'    5'V5 
The  moon's  ecliptic  long,  by  obfervation,  3*-  3*6  44>  3 

At 
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At  the  Royal  Oblervatory  at  Green v/ich»  at  5''-  25'  12"  appa- 
rent time. 

The  fun's  longitude,  f- 2^   8 '  1 2 ' ',2 

The  moon's  ecliptic  longitude,  3    4   12  21,  o 

The  moon's  latitude  north,  42   52,  8 

"The  fun's  right  afcenfion,  93  25     8 

The  right  afcenfion  of  the  mid-heaven,  174  43     8 

Angle /»PZ,  95   ^^  "5^ 

=  84  43     8 
Complement     5   16  52 

Hence 
The  altitude  of  the  nonagelimal  degree,  46   11    19 

Angle  P/»Z  59  45   5^ 

The  longitude  of  the  nonagelimal  degree,        4    29  45  50 
Angle  Z/»D=B,  55   33  .29 

The  moon's  parallax  in  longitude  from  the  fun,  36   33,  5 

The  moon's  parallax  in  latitude  from  the  fun,  42  20,  7 

The  moon's  augmented  femi-diameter,  16  47,   8 

Thefumof  o's&D'sfemi-diam. — 4'  ',5  forin^.  =  OD,  1950' ',3 
The  moon's  vifible  lat.  from  the  fun  =  E  D ,  ^047,  9 

The  vifible  diff.  of  long,  of  o'sand  d's  centers  =oE,  1644,  9 

=  27' 24", -9 
The  moon's  ecliptic  long,  by  obfervation,  2^-  4^12   10,  6 

Hence  it  appears,  that  the  motion  of  the  moon  by  obferva- 
tion, during  the  eclipfe,  with  refpedt  to  the  ecliptic,  was  1  * 
5'  26  ",3  ;  but,  by  Mayer's  tables,  it  was  i  °  5'  49".     Suppof- 
'ing  tlien  the  horary  motion  by  the  tables  to  be  true,  as  is'mofl 
probable,  v/e  may  conclude,  that  there  is  -an  error  in  the  moon's 

latitude. 
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latitude,  as    given   by  them,  the  correition  of  which  may  b&. 
found,  in  the  manner  following  : 

The  3)'s  longitude  at  the  beginning,  per  tables,.  3''^-  3  °   6 '  32  ",o 
The  D's  parallax  in  longitude  from  o  —  30  47,  6 

3    2  35  44,  4- 
The  J 's  longitude  at  the  end  pel*  tables,.  3   4  12  21,  o 

The  ?'$  parallax  in  longitude  from  o  —  3<^  33,  5^ 


Subtract 

Difference 

Subtra(!a  g's  motion  during  the  eclipfe. 

Remains  D's  vifible  motion  from  G  per  tables. 


3352,  9 
The  d's  vifi.  lat.  from  o  by  calculation  at  beginning,     989 ",4 

At  the  end,  1 047,  9 


3    3  35  47' 
3    2  35  44, 

5 
4 

I     0     3, 
4  10, 

I 
2 

55  52, 
60 

9 

The  d's  vifible  motion  in  latitude  from  the  g,*  58,  5 

In  plate  I.  iig,  I.  let  Eg  C  be  a  portion  of  the  ecliptic  §  = 
3352",9  the  moon's  vifible  motion  from  the  fun,  during  the 

eclipfe, 

*  The  moon's  vifible  motion  as  I't  arifes  from  her  horary  motion  and  parallaxes 
in  latitude,  is  not  affeifled  by  the  fmall  error  in  tlie  latitude  given  by  the  tables. 

^  See  note,  page  17. 
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cclipfe.  Let  DE  be  =  the  moon's  vifible  latitude  from  the  fun, 
at  the  beginning  of  the  edipfe,  and  CL  the  fame  at  the  end. 
Let  I'M  be  drawn  parallel  to  EOC  ;  then,  ML  =  58^5  will 
be  the  moon's  vifible  motion  iii  latitude  from  the  fun,  during 
the  eclipfe,  and  MdL,  the  vifible  angle  of  the  moon  with  thcj 
fun  in  the  ecliptic*  Let  13  0  be  the  diftanceof  the  o's  and  2)'s 
centers,  at  the  beginning  of  the  eclipfe,  and  OL  the  fame  at  the 
end  ;  then  the  point  at  o  will  be  the  place  of  the  ecliptic  con- 
junction i  and  the  line  O  D,  perpendicular  to  the  ecliptic,  and 
cutting  the  moon's  vifible  path  iL  in  D,  will  be  the  moon's 
vifible  latitude  from  the  fun,  at  the  time  of  the  ecliptic  con- 
junction ;  and  the  line  O  N,  perpendicular  to  the  vifible  path, 
and  cutting  it  in  N,  will  be  the  leaft  diflance  of  centers. 

DM  3352",9  3     5254206 

:  ML  58,  5  I      7675269 

;:  Radius  10 

:  Tangent  angle  M  j  L, 

Sine  angle  MdL, 
:    ML 
::  Radius 

I     2)L 

dL 

:    DO-f-Lo 
::  Do — L© 

:  Difference  ^NandLN  4,  6  o     6681528 

G  4]) 

*  Thetrue  fide  ML  is  fofhortin  this  fmall  figure,  that  it  was  necefTary  to  In- 
creafe  it  for  the  fake  of  illuftration  ;  but  every  one  knows  that  the  calculations  are 
ROt  affefted  by  it,  the  true  length  being  ufed  in  them. 


I^  0'  2'-' 

10   2 

5B,  5 

8 

8 
I 

10 

2421063 

2420401 
7675269 

3353^   4 

3 

5254868 

3353'U 
3904,  6 

4,  0 

3 

3 
0 

5254868 

5915796 
6020600 

5^ 


ASTRONOMICAL    and 


4-  difference  dN  and  LN 
LN 

JO 

:    Radius 

::  2)N 

:    Sine  angle  D  oN 
Angle  NdD  =  MDL 

Angk  ])0D  =DOF 

Angle  DoE 

Radius 
:     DO 
: :    Sine  angle  j  o  E 

:    EP 


-\ 2,   3 


1679,  o 

1674,  4 
1954,  3 

1679,  o 


If 


59°i3     9 
+  102 

60  13  n 
90 

29  46  49 


1954 ''.3 
^9^46 '49' 

97O'  5 


c's  vifible  lat.  from  o  =  16'  10,  5  S 

From  2) 's  parallax  in  lat.  from  o   35   50,   i 
Sub.  D's  vifi. lat. fromOnow found  16   10,  5 

Remains  3) 's  corredl  latitude,        19  39,  6  N 
D's  lat.  by  Mayer's  tables,  19  20,  7  N 

Error  of  the  tables  in  d's  lat.      —  18,  9* 


3 
10 

3 


10 

3 
9 


2909912 
2250507 


9  9340595 


29099 12 
6959990 


2   9869902 


*  As  the  time  both  of  the  beginning  and  end  of  the  eclipfe  is  ufed  in  deducing 
this  error,  there  is  no  need  of  finding  CI>,  which  would  give  the  fame. 
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Thus  it  appears,  by  the  -Greenwich  obfervations  of  the  be- 
ginning and  end  of  this  ecHpfe,  that  the  latitude  of  the  moon, 
given  by  Mayer's  tables,  is  1 8",  9  too  fmall,*  which  correc- 
tion, being  applied,  wiJl  give  her  latitude  at  the  beginning  19' 
39",  6,  and  at  the  end  25'  1 1  ",  7.  Hence  the  vifible  difi'er- 
ence  of  longitude,  at  the  beginning,  was  28'  16",  3,  and  at 
the  end  27'  36",  7  ;  and  the  true  longitude  by  obfervation  3^- 
3°  6'  33",  3  and  3^*4°  12'  22",  4,  the  difference  being  r* 
5' 49'',  as  by  the  tables.  The  true  difference  of  longitude 
between -the  fun  and  moon,  at  the  beginning,  was  151  ,3, 
the  moon's  longitude  being  the  greateft  :  Therefore,  D's  horary 
motion  from  o  2 1 1 3 ",3  :  i  hour  =  3600 ''  : :  1 5 1 ",  3  :  257^" 
=  4'  iy~"  ;  which  being  fubtradted  from  3''-40'  11"  (theob- 
ferved  time  of  the  beginning  of  the  eclipfe  at  Greenwich)  be- 
caufe  the  moon  had  really  pafTed  the  conjund:ion,  leaves  3'*-  25' 
53-i.''  for  the  apparent  time  of  the  true  ecliptic  CGnjund:ion. 

Let  us  now  afTume  4^-  44 '4"  for  the  difference  of  meridians 
between  Greenwich  and  Chelfea,  and  find  the  elements  for 
Chelfea,  at  the  end  of  the  eclipfe,  viz.  At  ii''-  38*23'',  an- 
fwering  to  4^-  22'  27 ''at  Greenwich,  according  to  this  affump- 
tion. 

At  Chelfea  at  ii'^-  38' 23'',  A..  M.  apparent  time. 

The  fun's  longitude,  3""    3 "   5 ' 4^  '%8 

The  moon's  ecliptic  longitude,.  3      3   33      i>  8 

G2  The 

*  By  the  Oxford  obfervations  of  the  beginning  and  end  of  this  eclipfe,  the  error 
in  latitude,  in  Mayer's  tables,  was  —  20",  6,  differing  but  a",  7  from  the  error 
found  by  the  Greenv/ich  obfervations. 
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The  moon's  lat.  correded  by  the  Greenwich  obferva.  21   53,  2 
The  moon's  horizontal  parallax,  61    10,  <& 

The  fun's  right  afcenfion,  93  22  25 

The  right  afcenlion  of  the  mid-heaven  Sy  58   lo- 

Angle /PZ,  177  5^   ^^ 

=  2     I   50 

Complement  87  58   10 

The  latitude  of  Chelfea,  42  25   ir 

Reduced  to  the  center,  42   10  20 

Complement  =  PZ  47  49  40- 

Hence 
The  altitude  of  the  nonageiimal  degree,  71    17     6 

The  longitude  of  the  nonagefim.al  degree,         2    28   24  40 
'Angle -Z/)3  —  B  5     ^   2i 

The  moon's  parallax  in  longitude  from  the  fun,  5   ^5*  ^ 

The  moon's  parallax  in  latitude  from  the  fun,  19   32,  6 

Thefumofo's&D'sfemi-diam. —  4^,5  for infl,  =  GD,   i9S9">^ 
'The  moon's  vifible  latitude  from  the  fun,  140,  6 

The  vifible  diff.  of  long,  of  o  's  and  d's  centers  =  0  E   1 954,  7 

The  moon's  ecliptic  long,  by  obfervation. 
The  true  diff.  of  long,  of  o  and  D  accord- 1 
ing  to  the  affumption,  J 

d's  horary  motion  from  o  21 13'',  3  :  i  hour=  3600",  :: 
1638'',  9  :  2792'''=:  46'  32''.  Subtraa  46'  32"  from  n^- 
38 '23'',  the  time  of  the  end  of  the  eclipfe  at  Chelfea,  and 
the  remainder   lo^-  51 '  51  'VA.  M.  wilLbe  the  time  when  the 

true 


: 

=  32' 

34' 

'.7 

3^' 

■3°33 

I. 

■7 

27 

18, 

9 

==:   I< 

538  ",9 
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true  ecliptic  conjundion  happened.     This  fubtradied  from  3^ 

35  '  53  +  "'  P-  ^'  ^^^^  ^^^'^^  ^^  ^^^^  ^^^^  ecliptic  coiijundlion  at 
Greenwich,  leaves  4^-  44'  2^"  for  the  difference  of  meridians 
between  thefe  two  places.  To  this  add  26  '',  the  difference  of 
meridians  between  Cambridge  and  Chelfea ;  the  fum,  4^-  44' 
28^''  will  be  the  difference  between  Cambridge  and  Greenwich, 
by  the  oblervations  of  this  eclipfe, 

Dedudions  from  the  obfervations  of  a  tranfit  of  Mercury,  No- 
vember 5,  1743,  for  determining  the  difference  of  meridians 
between  Paris*  and  Cambridge. 

At  Paris,  November  5,   1743,  a   tranfit  jpf  Mercury  was  ob- 

j[erved  by 

ift.  inter.  contatSt. 
Apparent  time. 

Mr.  Maraldi,          |^^  ^^^             Obfervatory,  (S-4o'46'< 

Mr.  Caffmi,  jun.    J                   ^  18    40   34 

The  Abbe  de  la  Caille,  at  Collage  Mazarin,.  8    40  38 

Mr.  Caflini,   fen.  at  Thury,  8    40   31 


The  mean,    8  40  37- 

acl.  inter,  eontad.  2d.  exter.  contad, 

Mr.  Maraldi,  i'^-io-i7"  ^  ^^  18 

-Mr.  CafTini,  jun.  j    10  26  i  12  24 

The  Abbe  de  la  Caille,  i    10     3  i  11  58 

JMr.  le  Monnier,  jun.  near") 

Port  St,  Honore,  J      ^      ^   ^^"^ 


12     2 
Mr. 


A  bad  ftate  of  the  atmofphere  prevented  this  tranfit  from  being  obferved  at 
Cireemvich, 
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Mr.  Caffini,  fen.  i^-io'aS"  * 


Mean,     i    lo   134  i    12   lot 

Hence  it  appears,  that  at  the  egrefs,  Mercury  was  about  i '' 
57''  in  making  his  tranlit  acrofs  the  fun's  Hmb,  the  half  of 
which,  viz.  S^f",  added  to  the  time  of  the  fecond  internal 
contad;,  will  give  i^-  11'  I2'^  P.  M.  for  the  time  of  thecen- 
.tral  contact,  at  the  egrefs  ;  and,  fubtraded  from  the  time  of 
the  firft  internal  contadl,  will  give  the  central  contad:  at  the 
ingrefs  8^-  39'  381.^  A.  M. 

N.  B.  The  place  where  Mr.  Caffini,  fen.  obferved  is  6'' 
in  time  eaft  of  the  meridian  of  the  Royal  Obiervatory  ;  the 
place  where  Mr.  le  Monnier,  jun.  obferved,  2"  weft.  The 
times  obferved  by  them  are  here  adjufted  to  the  meridian  of  the 
Obfervatory.  The  place  where  the  Abbe  de  la  Caille  made  his 
obfervations  is  fo  near  to  the  meridian  of  the  Royal  Obfervatory, 
that  the  difference  in  time  is  imperceptible. 

At  8^-  39' 38^/',  A.  M.  apparent  time,  at  the  Royal  Obfervatory 

of  Paris. 
The  fun's  longitude,  7^- 12^*32' 57^^,205 

Mercury's  geocentric  ecliptic  longitude,       7    12  45     5,  68S 
Mercury's  geocentric  lat.  fouth  decreafing,  10  48,   165 

The  fun's  right  afcenfion,  220     5  40 

The  right  afcenfion  of  the  mid-heaven,  170     o  21 

Angle /PZ,  99  59  39 

=  80 

♦  Mr.  Caffini,  fen.  was  doubtful  of  the  fecond  external  contact  ;  it  is  therefore 
omitted. 
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Complement  9  59   39 

Mercur)''s  diftance  form  the  earth,  log.  4  829651 

:    The  fun's  diflance  from  the  earth,  log.  4  995787 

::  The  fun's  horizontal  parallax,     8'%58    log.  o  933487 


:    Mercury's  horizontal  parallax,  12,  578  i   099620 

Mercury's  horizontal  parallax  from  the  flin,  3''>99^ 

The  fun's  femi-diameter,  1 6 '  1 1 ,  7 

Mercury's  femi-diameter,  -  5,   i 

The  fun's  horary  motion,  2   30,  7 

Mercury's  geocen.  horary  mot.  in  the  ecliptic  retrog.  3  22,  12 
Mercury's mot.upono'sdifc with refpedl to the^clip.  5  52,  82 
Mercury's  horary  motion  in  latitude  geocentric,  5^*  7 

Latitude  of  the  Royal  Obfervatory  at  Paris,      48°  50  14 
Reduced  to  the  center,  48   35  26 

Complement  =  PZ    41   24  34 

Hence 

The  altitude  of  the  nonagelimal  degree,  50     2   38 

The  longitude  of  the  nonagefimal  degree,    5^28   11   44 
Angle  Z/)^=B,  *  44  33  22 

Mercury's  parallax  in  longitude,  from  the  iun,  2,   151 

Mercury's  parallax  in  latitude  from  the  fun,  2,  574 

The  fun's  femi-diameter  =  O  ^  97^>  7 

Mercury's  vifible  lat.  from  the  fun's  center  =Eg      650,  739 
The  vifi.diff.  of  long,  of  ©'sand  5  's  centers  =  o E,    721,  484 

=  12^37,  434 
-jO's  longitude,  7    12   32   57,  205 

Add 
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Add  vifi.diff.long.of  o's&  » 'scent.  5  being  retro.  +12'     I  '',4 


7^- 12^44  58,  605 
Mercury's  parallax  in  longitude  from  the  fun,  —  2,   151 

Mercury's  true  long,  by  obfervation,  '7   12  44  56,  454 


Thetruediff.long.©'8  5c^*8cen.byobfat8^-39'38^",  II  59,  249 

60 


719,  249 


N.  B.  The  above  references  are  to  Plate  I.  Fig.  I.  and  IV. 
^  being  fuppofed  changed  for  ^ .  The  various  proceffes  are 
fimilar  to  thofe  made  in  the  foregoing  folar  eclipfes. 

At  i^-  II '  1 2  "  the  time  of  the  central  contact  of  ^  at  the  egrefs. 

The  fun's  longitude,  y^- 12°44'  19^,258 

Mercury's  geocentric  ecliptic  longitude,  7    12  29  50,  909 

Mercury's  geocentric  latitude  fouth,  6  54,   174 

The  fun's  right  afcenfion,  220  16  58 

The  right  afcenfion  of  the  mid-heaven,  238  4  58 

Angle /PZ  31  55  z 

Complement      58  4  58 

Hence 

The  altitude  of  the  nonagefimal  degree,  24  16  35    - 

The  longitude  of  the  nonagefimal  degree,    7      i  43   37 
Angle  Z^  5  =  B,  i  o  46   1 3 

Mercury's  parallax  in  longitude  from  the  fun,  o,  307 

Mercury's 
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Mercury's  parallax  in  latitude  from  tlie  fun,  3  ",647 

O  5J  as  before,  971,  7 

Mercury's  vifible  lat.  from  the  fun's  center  =  £2       417,  821 
The  vifible  diff.  of  long,  of  o's  and  5?  's  centers  =  ©£877,  284 

==M-'37>  284 
Mercury's  true  ecliptic  long,  by  obfervation,  7'^'  1 2 ""  29  41,  667 

Hence  it  appears,  that  Mercury's  motion  in  geocentric  lon- 
gitude in  the  ecliptic,  by  obfervation,  from  his  central  contact 
at  theingrefs,  to  his  central  contacfl  intheegrefs,  w^as  15'  14", 
787.     According  to  the  horary  motion  in  the  elements,  from 
whence  the  calculations  were  made,  it  was  15'  14",  779.     We 
may  therefore  take  the  motion  given  in  the  elements,  as   the 
true,  and  fay,  5/  52'',  82  =352",  82  Mercury's  horary  moti- 
on upon  the  fun's  difc  with  refpedt  to  the  ecliptic  :    i  hour  = 
360a"  ::  719  V  249  the  true  difference  of  longitude  of  g's  and 
?  's  centers  at  the  central  contact  at  the  ingrefs  :  7339''  =  2'^- 
2'  19".     This  added  to  8'^  39'  38^'',  the  time  of  Mercury's 
central  contatf^  at  the  ingrefs,  will  give  lo^-  41 '  S7i^'y   A.  M. 
apparent  time,  for  the  true  ecliptic  conjundlion,  by  obfervation. 

The  fame  tranfit  was  obferved  by  Profeffor  Winthorp,*  at 
Cambridge,  who  faw  the  fecond  internal  contad  at  8^-  17'  5", 

H  A.  M. 

*  ProfefTor  WInthrop,  in  a  letter  to  Dr.  Blifs,  Aftronomer  Royal,  dated  20th 
June,  1763,  and  publifhedin  vol.  LIX,  ofthePhilofophicalTranfaaions,  commu- 
nicates  his  obfervations  of  this  tranfit,  with  the  exprefs  defign  of  fettling  the  longi- 
tude of  Cambridge,  by  comparing  them  with  the  European  ones  ;  and  he  gives  it 
as  his  opinion,  that  it  might  thereby  be  determined  with  more  exaftnefs,  than  by 
any  obfervations  that  had  been  made  ufe  of,  for  that  purpofe, 

H« 
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A.  M.  apparent  time,  and  the  fecond  external  conta(St  at  8''*  i8' 
58^';  which  makes  the  contact  of  Mercury's  center,  at  the 
egrefs,  at  8^^-  18^  i^-",  A.  M. 

Suppofe  the  difFerence  of  meridians  between  Paris  and  Cam- 
bridge to  be  4^-  53'  45",  then  it  was  i'^-  1 1 '  46I",  P.  M.  at 
Paris,  when  it  was  8''-  18'  i^'^,  A.  M.  at  Cambridge. 

Elements  at    i^-  ii'46^'',  P.M.  at   Paris,  anfwering  to    8''^ 
18'  li-",  A.  M.  at  Cambridge. 

The  fun's  longitude,  7^- 12 "44'  20'', 701. 

Mercury's  geocentric  ecliptic  longitude,  7  12  29  48,  968 
Mercury's  geocentric  latitude  fouth,  ^  53^  ^79 

The  fun's  right  afcenfion,  220   17     o 

The  right  afcenfion  of  the  mid-heaven,  164  47  22 

Angle  /PZ,  ^  105   12  38 

=  74  47  22 

Complement  15   12  38 

?Z,  asl)efore,  47  51   23 

Hence 
The  altitude  of  the  nonagefimal  degree,  ^y  27  17 

The  longitude  of  the  nonagefimal  degree,     428     4  43 
AngleZ/»S!  =  B,  74  25     5 

Mercury's  parallax  in  longituie  from  the  fun,  3,  246 

Mercury's 

He  informs  Br.  Bllfs,  that  his  clock  was  adjufted  by  correfpondent  altitudes  of 
the  bright  ftar  of  Aries,  taken  the  night  befors  the  tranfit,  with  a  quadrant  of  two 
feet  radius  ;  and  on  the  day  of  the  tranfit,  by  correfpondent  altitudes  of  the  fun  j 
all  which  agreed  within  5"  ;  and  that  he  allowed  for  the  difference  «f  the  fun's  de* 
rlination  morning  and  afternooB. 
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Mercury's  parallax  in  latitude  from  the  fun,  2 ",154 

©5,  97i>  7 

Mercury's  vifi.  lat.  from  the  fun's  center  =  ESJ,  4i5>^33 

The  vifi.  diff.  of  long,  of  o'sand  g's  centers  ==  oE,  878,  227 

=  14'  38,  227 
From  the  fun's  longitude,  73-1 2^44  20,  701 

Subtraa  the  vifi.  diff.  of  long,  of  g'$&  51  's  centers,    14  38,  227 


Subtradl  g  's  parallax  in  longitude  from  o , 

Remains  5's  geocent.  eclip.  long,  byobferv. 
accord,  to  the  affumeddiff.  of  meridians,. 


7 

12  29 

42, 

3» 

474 
246 

7 

12  29 

39. 

228 

fer^ 

60 

4i> 

473 

881,  473 

352",  82   :   3600^'::  881",  473  :  3994"  =  2'^-29' 54". 

Therefore, 

From  the  time  of  g's  central  con tadl  bvToh    o        ,.,    *  Tv>r 

^  \q^-  18'    17",  A.M. 

obfervation  at  Cambridge, .  at  the  egrefs,J 
Subtra<5l  2    29  54 

Rem.the  time  of  the  true  ecliptic  conj. by  obf.   5  48     7-^,  A.  M. 

The  time  of  the  true  ecliptic  coniuncftionl  ,      a    a/t 

.T>    '    u      ur       .-  10    41    57t>  a.  M. 

at  raris  by  oblervation,  J 

-Difference  =  the  difference  of  meridians  1 

>     4     C-J     CO— 

between  Paris  ^nd  Cambridge,  J        ^^  -^   * 

-H  2  Subtrad 
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Sub.  the diff. of  merid,betw. Paris  &Greenwich,  —  9 '  1 6  '^,  A.M. 


]       4'^-44  34t 


Remains  the  difference  of  meridians  be- 
tween Greenwich  and  Cambridge, 

The  dilf.  bv  the  obfervations  of  the  folarl 

^  }■        4  44  294. 

echpfeof  Auguil  5,   1766,  J 

Do.bytheobf.ofthefol.echpfeofjune24,r77'8,  4  44  28^ 


J^T 


The  m.ean  4  44 

Therefore,  avoidino:  fradlions,  the  difference!  . 

f        -V  K       n   1  H  ^^  31  ? 

or  .meridians  mav  be  called  J 


I 


X  In  a  letter  to  the  prefent  Aftronomer  Royal,  publiflied  in  the  volume  of  the 
Philofophical  Tranfaftions  for  17815  I  made  the  difference  of  meridians  between 
Cambridge  and  Greenwich,  by  the  folar.eclipfe  of  Aug.  1766,  to  be  z^.^'  44'  22"  ; 
and  by  the  tranfit  of  Venus  of  June,  1769,  to  be  4'i*  44'  12",  comparing  Mr. 
Hitchins's  obfervation  of  the  internal  contad  only,  with  Dr.  Winthorp's.  The 
mean  of  thefe  tM'o  refults,  viz.  4''*  44'  17",  I  gave  as  the  true  difference.  But  as 
the  fun  was  low,  when  the  obfervations  of  the  tranfit  were  made  at  Greenwich, 
which  caufed  an  uncertainty  attending  them,  not  experienced  where  the  altitude 
was  confiderable  and  the  atmofphere  clear,  I  have  fuppofed  it  not  expedient  to 
make  ufe  of  the  refult  from  this  phenomenon,  in  the  foregoing  paper. 

In  making  my  dedudlions  from  the  folar  eclipfe  of  1766,  in  the  above  appendix, 
I  have  taken  the  mean  between  the  time  of  the  obfervations  of  the  Aftronomer 
Royal,  and  of  his  affiftant  ;  whereas,  in  the  former  calculations,  I  took  thofe  only 
of  the  Aftronomer  Royal.  I  have  alfo  ufed  42°  23'  28",  for  the  latitude  of  Cam- 
bridge, 2s  datermined  by  ProfefTor  Williams,  inftead  of  42°  25' ;  and  with  thefe 
alterations,  having  carefully  gone  over  the  work  anew,  I  have  found  the  difference 
of  meridians,  from  this  eclipfe,  4^*  44'  29I",  Inftead  of  4^'  44/  22". 

The  deductions  from  the  tranfit  of  Mercury,  and  the  folar  eclipfe  of  1778,  wei^e, 
not  made,  when  the  above  letter  was  written. 

1  fuppofed  it  proper  to  add  this  note,  to  fhew  the  reafon  of  the  difference  between 
the  refult  in  this  paper,  and  that  in  the  letter  publiflied  inthePhilofopliicalTranfa^ftions. 
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I  have  been  particular,  in  this  appendix,  in  putting  down 
the  dedudions  from  the  obfervations  which  I  have  made  ufe  of, 
in  fetthng  the  longitude  of  Cambridge  from  Greenwich,  that 
any  perfons,  who  may  meet  with  this  paper,  and  are  able  to  o-q 
thro'  this  kind  of  calculation,  may  fee  what  ftrefs  is  to  be  laid 
upon  the  determinations.  If  the  dedu(ftions  are  right,  the  near 
agreement  between  the  three  refults  is  a  flrong  evidence  of  the 
goodnefs  of  the  obfervations,  and  the  dependence  that  may  be 
made  upon  the  mean  refult,  for  the  difference  of  meridians  be- 
tween Greenwich  and  Cambridge  ;  which,  perhaps,  is  now 
afcertained  to  as  great  exadlnefs  as  the  diiference  between  almofl 
any  two  places,  where  terreflrial  meafurement  has  not  been 
jnade  ufe  of, 

J.  w. 
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XL     A  Memoir  on  the  Latitude  of  the  XJniverfity  ct   Cam- 
bridge :    With    Ohfervations  of  the  Variation  and  Dip  of 
the  Magnetic  Needle,     5y  S A M u e  l  Wi  l  l  i  a m  s ,  F.A.A, 
Hollis  Profejfor  of  Mathematics  and  Natural  Fhilofophy  in 
the  Univerjity. 


I.  '  I  "^  H  E  latitude  of  Cambridge  has  generally  been  fuppoP 
jL  ed  to  be  42°  25'  north.  I  cannot  find  how  early, 
by  what  obferver,  or  with  what  inllruments  it  was  determined. 
The  earlieil  ohfervations  at  Cambridge  of  which  I  can  find  any 
account,  were  thofe  of  eclipfes  made  by  Mr.  'Thomas  Brattle, 
mentioned  in  the  Fhilofophical  TranfaBions  for  1704,  No.  292^ 
p.  1630.  The  firft  of  thefe  was  of  a  folar  eclipfe,  June  12, 
1694.  And  he  there  informs  us,  that  in  his  calculations,  the 
latitude  oi  Bojlon  was  allowed  to  be  42°  25'.  This  has  been 
univerfally  received  as  the  latitude  ever  fmce  that  time,  and 
probably  for  many  years  before.  As  the  ancient  inflruments 
belonging  to  the  College  were  but  fmall,  I  was  defirous  to  ex- 
amine this  matter  with  all  the  accuracy  I  could.  With  this 
view  I  made  the  following  ohfervations.  They  were  taken  in 
the  Philofophy- Chamber  in  Harvard-Hall,  with  an  aftrono- 
mical  quadrant  of  two  feet  and  an  half  radius,  m^ade  by  Si//h?2s. 


I.     The 
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I.  The  latitude  of  the  Univerfity  at  Cambridge,  computed 
from  obfervations  of  the  meridian  altitude  of  the  fun's  up- 
per limb. 


Time. 


Obfevvation 
of  the  me- 
ridian alti- 
tude ©'sup- 
per limb. 


Refrafti- 
on. 


G  's  Se- 
mldia- 

meter. 


O's  De- 
clination 
South. 


Latitude  of  the 
Univerfity. 


41°  24'    30" 
40'    39       3 


15" 
16 

17 


iG'  5",o 
16  5>  3 
16    s>S 


C"    6^29'35"l42°  23'  21" 
6   j  6  52  23    142     23    25,3 
61715    5    1 42     23   rzo.ir 


By  a  mean  of  thefe  obfervations  the  latitude  is 


42-^  23'  22", 3 


Z.     The  latitude   of  the  Univerfity   computed  from  obferva- 
tions of  the  meridian  altitude  of  ftars  near  the  Equator. 

Obfervations  of  the  meridian  altitude  of 


$                           TT 

e 

^                    ^'         i 

7        t 

Time. 

,       .         .          Inthefiioul- 
In   the  Wine        ,        j-  , 
r ,.     E.     ,         der  ol  An- 

°              11  nous 

In  the  hand 
of   Antina- 

In  the  fhoul- 
der  olAqua- 

In  the  moul- 
der oiAgua- 

IntheArmof 
Aquarius, 

us. 

rius. 

.._ 

1782. 

Odl.  9 

50^19'    9"    48°5'35" 

0       //        // 

0       1          II 

0      //        // 

0       1       II 

12 

5c  19  51      48  5  57 

46    10    34 

23 

48  5  48 

46     10    50 

Nov.  I 

46    10    33 

3 

41     7      8 

46    15    45 

45  9  35 

4 

41     6    53 

46   15   33 

45  9  20 

. 5_ 

Mean, 

41     6    53 

46   15  34 

45  9  18 

50  19  30 

48  5  46,6 

46  10  39 

41     6    58 

46  15  37»3 

45  9  24»3 

Calculations. 

^  in  the  wing  of  the  Eagle. 
M^anofmerid.  altitudes  taken  Od.  9,  12,  1782,    50^19' 30^' 
Refraction  by  De  la  Caille's  tables,  —  ^^ 

True  meridian  altitude,  50   18   35 

D&cYin.']>l,]^n.iiij?>2,hyCon7ioi.(!esl'emps,  1782,  2  41   S5    u 

Increafe 
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Increafe  of  decimation  in  9,  5  months,  -+•  5'V* 

Aberration,  H~  8,  6 

Nutation,  '  ■ —  8,  6- 

Apparent  declination  N.   0(St.  11,   1782,  2 ''42'    o,   i 

Complement  of  the  latitude,  47  36   34,  9 

Latitude,  42  23   25,   i 

T  in  the  fhoulder  of  AnttnouSf 

Mean ofmei-id.  altitudes  takenOd:.9, 1 2,28, 1 78 2,  48     5  47 

Refraction,  —      .10 

True  meridian  altitude,  48     4  47 

Declin.N.  Jan.i,  i782,byCc'/7;z^/.^^j-T'^;;;^j-,i782,    o  28     4 

Increafe  of  declination  in  9,  5  months,  H-  ()^  ^ 

Aberration,  -f-  7^  S 

Nutation,  —  8,   3 

Apparent  declination  N.  Od.  16,   1782,  o  28     9,  9 

Complement  of  the  latitude,  47  36  37,   i 

Latitude,  42  23  22,  9 

6  in  the  hand  of  Antinous, 

Mean  of  meridian  altitudes  taken  Od.  12,  23,7,/;   ,^ 

-^^40  10  39 

and  November  i,   1782,  J 

Refradion,                                                           — '  ^     4 

True  meridian  altitude,                                             46  9  35 

Declin.  S.  Jan.  i ,  ij'^2yhyConnoiJesl'emps,  1782,   i  26  ^j 

Decreafe  of  declination  in  9,  5  months,            —   .  7,  8 

Aberration,                                                             —  .        6,  ^ 

Nutation,                                                             -h  8,  o 

Apparent  declination  S.  Odi,  22,   1782,                 I  26  50,  9 

Complement  of  the  latitude,                                 47  36  25,  9 

Latitude,                                                               42  23  34,  i 

/3  in 


MATHEMATICAL    PAPERS.        63 

j3  in  the  fhoulder  of  Aquarius. 
Mean  of  merid.  altitudes  taken  Nov.  3, 4,  5,  1782,  41 "  6'  58  " 

Refradion,  —  i  i6  ■ 

True  meridian  altitude,  41      5  42 

Declin .  S .  Jan . i ,  1 7 8 2 , by  ConnoL desT^emps,  1782,  6   30  59 

Decreafe  of  declination  in  I  o  months^  —*  12,  5 

Abberation^  —  1,  ^ 

Nutation,  -{-  6,   3 

Apparent  declination  S.  Nov.  4,   1782^  630  49,  3 

Complement  of  the  latitude,  47  36  31,   3 

Latitude,  42  23  28,  7 

a  in  the  fhoulder  of  Aquarius, 
Mean  of  merid. altitudes  takenNov,  3,  4,  5,  1782,  46  15  37 
Hefradlion,  —  14 

True  meridian  altitude,  46   1 4  3  3 

Declin .  S .  Jan .  i ,  1 7  8  2 ,  by  Connoi.  des  'Temps,  1782,   i   22     5 
Decreafe  of  declination  in  lo  months,  —       *"     14,   3 

Aberration,  - —  5.>  4 

Nutation,  -f-  5,  2 

Apparent  declination  S.  Nov,  4,.  1782,  i   21   50,  5 

Complement  of  the  latitude,  47  36  23,  5 

Latitude,  42   23   36,   5 

y  in  the  arm  of  Aquarius. 
Mean  of  merid.  altitudes  taken  Nov  .3,4,5,1782,45     924 
Refraction,  — -     -     i      6 

True  meridian  altitude,  45     8   1 8 

Declin .  S .  Jan .  i ,  1 7 8 2 ,  by  Con?ioi.  desTemps,  1782,  2  28  33 
Decreafe  of  declination  in  i  d  months,  — .  14,  8 

I  Aberration, 
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Aberration,  —                5"  , 

Nutation,  -i-               4,  6 

Apparent  declination  S.  Nov.  4,  1782,                   2*28' 17,  8 

Complement  of  the  latitude,  "■                     47  36   35,  8 

Latitude^  42  23  24,  2 

The  latitude  by  the  meridian  altitude  of 

^  in  the  Eagle,  42  23  25,  i 

T  in  Antinous,  22,  9 

8  in  AntinoiiSy  34>   i 

|3  in  Aquarius,  28,  7 

3i  in  Aquarius,  36,   5 

7  in  Aquarius,  24,  2 

By  a  mean  of  thefe  obfervations  the  latitude  is       42  23  28,  6 

3.     The  latitude  of  the  Univerfity  computed  from  obfervation? 

of  the  meridian  altitude  of  the  pole-flar. 
Obfervations  of  the  meridian  altitude  of  the  pole-ftar,  below 

the  pole. 


1783.     May    27 

40^  33<   22^' 

28 

40     33     25 

29 

40     33     2S 

J«ne     5 

40     -53     22 

Mean  altitude. 

40     33     26 

Calculation. 

Mean  of  merid.  altitudes  taken  May  27,  28,  29,7  ^ 

and  June  I,   1783.     Below  the  pole.  J 

Refraction  by  De  la  Caille's  tables,  —         1^7 

True  meridian  altitude,  4^  32     9 

Declin.N.Jan.i,  i782,byCc;^;2!??.^(?jTV/?//j,i782,  88     8  28 

Increafe 
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Increafe  of  declination  in  one  year,                    -f-  io",6 

Increafe  of  declination  in  5  months,                  -f-  8,  2 

Aberration,                                                            —  17,  o 

Nutation,                                                               -\-  2,  c 

Apparent  declination  N.  June  1 ,    1783,  SS''   8' 41,  3 

Diftance  from  the  pole,                                             i  51    18,  7 

Latitude t                                                                   42  23   27,  7 
From  thefe  calculations  the  latitude  computed 

1.  From  obfervations  of  the  fun,  is                       42  23   22,  3 

2.  FromobfervationsoffixftarsneartheEquator,  42  23   28,  6 

3.  From  obfervations  of  the  pole-ftar,                  42  23   27,  7- 

In  making  the  above  obfervations  I  found  it  much  ealier 
to  note  the  bifedion  of  a  ftar  by  the  wire  of  the  telefcope,  than 
to  determine  exadly  the  point  of  conta6t  between  the  limb  of 
the  fun  and  the  wire.  On  this  account  I  efleem  the  obierva  • 
tions  of  the  meridian  altitude  of  the  flars  more  accurate  than 
thofe  of  the  fun  :  And  therefore  fix  upon  the  mean  of  all  the 
Jidereal  obfervations  as  the  true 
Latitude  of  Harvard-Hall  at  Cambridge,         42°  23  '  28  ",  46 

A     REMARK. 
The  preceding  obfervations  will  ferve  to  determine  the  ac- 
curacy of  the  quadrant,as  well  as  the  latitude  of  the  place.  For 
this  purpofe  I  fhall  feled:  the  obfervations  which  were  made  on 
P  in  the  flioulder  of  Aquarius,  and. thofe  of  the  pole  ftar. 
Apparent  declination  of  |3  S. 
Apparent declin. ofthepole-ilar N.  88 °  8 '41 ,  ''3 
Diftance  from  the  pole.  i  ri   18,  7 

Below  the  pole  at  the  time  of  obferv.    i  51   18,  7 

I  2  True 


h% 
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True  meridian  altitude  of  P, 

True  meridian  altitude  of  the  pok-ftai-. 

Sum  of  the  declinations  and  altitudes, 


41°   5'42' 
40  32     9 

179  59  59 


Hence  it  appears,  that  the  fum  of  all  the  errors  in  the  afTum- 
ed  declinations  of  thefe  two  ftars,  in  the  refradlion,  quadrant, 
and  mean  altitudes,  do  not  amount  to  more  than  one  fecond. 
It  may  therefore  be  prefumed  that  the  quadrant,  obfervations, 
and  elements  of  the  calculations  are  very  exadt.  The  reafon 
why  the  obfervations  on  |3  in  Aquarius  were  chofen  to  examine 
the  quadrant  by,  was  becaufe  they  are  nearer  the  mean  latitude 
than  thofe  of  any  other  flar,  and  therefore  may  be  prefumed  to 
be  the  moil  correct . 

11.     Obfervations  of  the  variation  and   dip   of  the   magnetic 
needle,   at  the  Univerlity  in  Cambridge. 


Time. 
Year.  Mon.  D.  H. 
J708, 
1742, 

1761,  Feb.  25, 

1780,  Dec.  25,  I,  P.  M. 

1782,  June  21,  4,  P.M. 

.1783,  Dec.  23,  3,  P.M. 


Variation. 

Dip. 

«      / 

0      , 

9     oW 

8     oW 

7  20  W 

7  14W 

7     oW 

7     2W 

69  51 

6  46W 

69  41 

6  52W 

69  41 

Obferver. 

Mr.  Brattle, 
Dr.  Winthorp. 
Dr.  Winthorp. 
Mr.  Williams. 
Dr.  Winthorp. 
Mr.  Williams. 
Mr.  Williams. 
Mr.  Williams. 


In  the  year  1782,  ProfeiTor  Sewall  obferved  the  diurnal  va- 
riation of  the  magnetic   needle   during  feveral  months.     At 

the 
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the  fame  time  I  obferved  the  diurnal  alterations  in  the  dipping 
needle.  Thefe  obfervations  are  too  numerous  to  be  inferted 
here.  In  general,  there  is  a  remarkable  regularity  in  the  ob- 
fervations taken  by  the  variation  needle.  The  variation  gene- 
rally increafes  from  feven  or  eight  o'clock,  A.  M.  till  about 
two  or  three,  P.  M.  From  this  time  it  generally  decreafes 
until  feven  or  eight  the  next  morning.  The  inclination  or  dip 
is  fubjedt  to  rather  greater  diurnal  alterations  than  the  variation  3 
but  they  do  not  feem  to  be  fo  regular  in  their  changes.  The 
leail  inclination  I  have  ever  obferved  was  68°  21'  j  thegreat^il 
70^  56'. 


^  M  y^  '^^.  y^  '^ 
'0.  ^  '0.  "^  ;^;* 

W    '^»     i^i"    'i»4' 

i^i'   .A,   'ini 
.7i?.   ^?*   .ar* 
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JIL  A  T'abk  of  the  Equations  to  equal  Altitudes,  for  the  La- 
titude of  the  Univerfity  o/' Cambridge,  42*23'  28''  N.  with 
an  Account  of  ifs  ConfiruBion  and  JJfe.  By  the  "Reverend 
Joseph  Will ARD,  Frefident  of  theVniverfty. 

TH  E  regulation  of  a  clock,  which  is  made  uie  of  for 
aftronomical  purpofes,  is  of  the  utmoft  importance. 
Unlefs  it's  going  is  accurately  afcertained,  the  obfervations  made 
by  it,  however  excellent  in  other  refpecls,  can  be  of  no  ufe. 
Every  thing,  therefore,  which  tends  to  facilitate  it's  regulation, 
as  worthy  of  attention. 

The  beft  method  to  afcertain  the  going  of  a  clock,  where  a 
perfon  has  not  a  tranfit  inftrument  fixed  in  the  meridian,  is  by 
equal  altitudes  of  the  fun,  taken  by  fome  inftrument  adapted^ 
to  the  purpofe.  Hadley'6  odtant  is  the  moft  eafily  obtained  -, 
and  double  altitudes  may  be  taken  by  it,  by  refledlion  from  a 
bowl  of  fome  liquid,  which  will  not  be  eafily  put  into  motion 
by  the  air.  The  oil  of  tar,  or  very  clean  molaffes  will  anfwer 
the  purpofe  welL 

The  method  is,  to  take  the  altitude  of  the  fun's  upper  or 
lower  limb,  or  both,  in  the  morning  as  far  from  noon  as  may 
be  convenient,  and  note  the  time  by  the  clock  to  a  fecond. 
The  time  muft  be  noted  in  the  afternoon,  when  the  altitude  is 
the  fame.  Then,  add  half  the  interval  between  the  two  obfer- 
vations, to  the  time  of  the  morning  obfervation,  which  will 
give  the  time  by  the  clock,  nearly,  when  the  fun's  center  paifed 

the 
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the  meridian.  This  would  be  the  apparent  noon  exadlly, 
if  the  fun  did  not  alter  his  declination  :  But  as  this  is  con- 
ftantiy  varying,  a  fmall  equation,  arifing  from  the  change  of 
declination,  between  the  forenoon  and  afternoon  obfervations, 
mufl  be  applied  to  the  time  of  noon  thus  found,  except  at  the 
folftices,  when  the  variation  is  too  fmail  to  make  any  equation 
necelFary. 

Il  L  U  S  T  R  A  T  ION, 

In  Plate  I.  Fig.  VI.  let  EPQL  be  the  hour  circle  of  fix 
o'clock,  and  ECQ^a  portion  of  the  Equator.  Let  P  be  the 
north-pole,  L  the  fouth  ;  and  PZL  the  meridian  of  fome 
place.  Let  the  arc  IZt  mark  the  latitude  of  a  given  place  : 
Then,  the  point  Z  will  belt's  zenith  ;  and  the  arc  HOR  will 
be  a  portion  of  the  horizon,  O  being  90?  diftant  from  Z.  Let 
the  arc  mxg  mark  the  fun's  declination,  in  the  morning,  at  a 
time  when  his  altitude  is  taken,  and  avn  the  declination  in  the 
afternoon,  when  his  altitude  is  the  fame  as  in  the  mornine  ob- 
fervation.  Let  the  angle  ZPo  be  the  diflance  of  the  fun  from 
tlie  meridian,  at  the  time  of  the  moi^ning  obfervation  =  the 
half  interval  betw^een  the  forenoon  and  afternoon  obfcrvations, 
nearly  5  then  fide  PZ  will  be  the  co-latitude  of  the  place,  the 
fide  Po  the  fun's  co-declination,  and  the  fide  Z©  the  fun's  co- 
altitude  or  zenith  diftance.  Let  the  co-altitude  Zo  be  fet  off 
from  Z  to  r,  a  point  in  the  aFC  of  the  fun's  declination,  at  the 
time  of  the  forenoon  obfervation,  and  through  r  draw  the  arc 
PrL.  Let  Zo  alfo  be  fet  off  from  Z  to  S,  a  point  in  the  arc 
of  the  fun's  declination,  at  the  time  of  the  afternoon  obferva- 
tion, an4  through  S  draw  the  arc  PSL.  Then,  it  v/ill  be  evi- 
dent. 
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dent,  that  when  the  fun  has  the  fame  zenith  diftance  in  the  af- 
ternoon obfervation  that  he  had  in  the  forenoon,  he  will  be 
further  diftant  from  the  meridian  by  the  fpace  pq^  meafured 
upon  the  Equator,  equal  to  the  angle  pVq.  Bifed:  the  angle 
©PS,  and  draw  the  pricked  arc  P/^L,  (the  fime  as  adding  the 
half  interval  to  the  time  of  the  forenoon  obfervation)  which 
/liews  the  mean  noon  ^  but  it  is  as  much  after  the  apparent 
^oon,  or  the  true  time  of  the  fun's  paffing  the  meridian,  as 
the  fpace  C^  upon  the  Equator,  which  is  equal  to  half  pq. 
The  time  anfwering  to  C^,  therefore,  muft,  in  this  cafe,  be 
fubtraded  from  the  mean  noon,  which  will  reduce  it  to  the 
meridian  PCL,  or,  which  is  the  fame  thing,  give  the  true  time 
when  the  fun  paffed  the  meridian,  by  the  clock.  This  equa- 
tion, Cb,  may  ealily  b«  found  trigonometrical ly,  by  the  trian- 
gles PoZ  and  PSZ. 

E  X-A  M  P  L  E. 

At  Cambridge,  latitude  42°  23'  28^' N.  fuppofe  the  altitude 
of  the  fun  taken  April  2,   1783,  at  8^-  40%  A.  M.  i.  e.  at  ^^^ 
20',  or  50%  from  the  meridian,  and  the  correfponding  altitude 
taken  in  the  afternoon  ;  required  the  equation  to  the  corref- 
ponding  altitudes  ?  •  * 

April2,i783,atSh-40',A.M.1    ,j,^^,.C^j^_p^-g^c^^,   o^, 

o's  declination,  J     . 

At  3^-  20',  P.  M.  ditto,        5  7  22  Com.=PS84  52  38 
Co-latitude,  =PZ47  36  32 

Angle  ZPo  =  3^-  20'  =       50     o    o 

In 
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In  the  triangle  ZPo,  given  fides  PZ  andPo,  and  the  includ- 
ed angle  ZPo,  to  find  fide  Zo  the  co-altitude  or  zenith  dif- 
tance  of  the  fun  at  the  time  of  obfervation  ?  Z/  is  perpendicu- 
lar to  Po . 

Radius, 

:  Sine  co-angle  ZPo  40*   o'    o'^  9     8080675 

::  Tangent  PZ  47  3^  32  10     0396048 

If*       II I 

:  Tangent  fegmentP/  35     9     6  9     8476723 

.Po  84  59     9 

Diff.  =  fegment    0/  49  49   ^4 

Sine  Co-P/  54  50  54  9     9125573 

:  Sine  Co-©/  40   10     6  9     8095836 

::  Sine  Co-PZ  42  23  28  9     8287809 

:  Sine  Co-Zo  3^     7  55  9     I'^S^'^l'^' 

Zo  =ZS  ^j  52     5 

In  the  triangle  ZPS  are  given  the  three  fides  to  find  angle 
ZPS. 

PZ  ,       47  36  32 

PS  84  52  38 

ZS  =  Zo  SI  52     5 

Sum  of  fides 

4.  fum 

;^  fum— PZ 

5^  fum— PS  10  17  59,  5 

K  PZ 


190 

21   15 

95 

10  37'  5 

47 

34    5'  5 

••^;:iV 
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PZ               Sine  47^36^42'^   9  8683857 

X  PS                Sine  84  52  38    9  9982618 

19  8666475 

:  Radius  fquare,  20 

::  ifum  of  fides — PZ  =  Sine  47  34     5,  5       9  86B1039 

xffum  of  fides — PS  =  Sine     10  17  59,  5       9  2523671 


:  Sine  of  fquare  of  i:  ^  ZPS 

2  1  19     2538235 

Sine  of  4- z.  ZPS                       25 

3  33>  7      9     67691 17 
X  2 

Angle  ZPS                                   50 
Subtraa  ZPo                               50 

7     7>  4 

Remains  fpace  fq^  or  angle  p?q 

-7    7>  4 

Reduced  to  time,  28  "  29'",  6 

he  4:  of  which  is  C<^  =  the  eq 
tion  to  the  equal  altitudes. 


The  X:  of  which  is  Cb  =  the  equa- 1  g 


This  method  is  accurate,  but  tedious  j  and  to  Ihorten  the 
work,  formulas  have  t^een  invented.  One  deduced  by.  Mr, 
William  Wales  from  art.  256  of  Simpfon's  Fluxions  is,  perhaps, 
as  eafy  and  concifc  as  any.  It  is  divided  into  two  parts.  The 
firfl:  is  compofed  of  the  change  in  the  fun's  declination,  during 
half  the  interval  between  the  obfervations,  multiplied  by  the 
co-fecant  of  the  fun's  horary  angle  at  the  times  of  the  obferva- 

vations. 
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tions,  multiplied  again  by  the  tangent  of  the  geographical  lati- 
tude. The  fecond  part  coniiils  of  the  faid  change  in  the  de- 
clination, multiplied  by  the  tangent  of  the  fun's  declination, 
multiplied  again  by  the  co-tangent  of  the  fun's  horary  angle. 
When  the  fun's  declination  is  north,  this  fecond  part  of  the 
equation  is  to  be  fubtradled  from  the  iirfl  -y  but  when  it  is  fouth, 
it  is  to  be  added  to  it  -,  and  the  diiference  or  fum  will  be  the 
equation  to  the  equal  altitudes  :  Which  equation  is  additive, 
when  the  fun  is  declining  fouth  ward  j  i.  e.  when  the  declina- 
tion is  north  decreafing  or  fouth  increafing  j  but  when  the  con- 
trary, it  is  fubtradivc. 

Thefe  rules  are  to  be  obferved,.  when  the  latitude  is  north  : 
They  mufl  be  inverted,   when  it  is  fouth. 

The  exadtnefs  of  this  formula  v/ill  appear,  by  making  ufc 
of  the  foregoing  example. 

"Whole  change  in  declination  6'  22''.  Half  do.  3'  11''  added 
to  5°  I '  o",  the  declination  at  the  time  of  the  morning  obfer- 
vation,  gives  5°  4'  1 1 ''  for  o's  declination  at  noon. 

Half  change  of  declin.        3'ii^'  =  i9i'^  2  2810334 

X  Secant  of  co-hour  angle,        40°  o'   o  10  1 157460 

X  Tangent  of  the  latitude,        42  23  28  9  9603952 


Firft  part  of  the  equation,  227,  6  2  3571746 

K  2  Half 


i9i'< 

2  2810334 

5° 

4'ii 

8  94-7997^ 

.0 

O   0 

9   9238135 
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Half  change  declinatton 
X  Tangent  declination, 
X  Tangent  co-hour  angle. 

Second  part  of  the  equation,  14,  2  i    1528439 

Which  fubtradted  from  the  iirft  part,       227,  6 
Xeaves  the  equat.  to  the  equal  altitudes,  213,4 

=*=  3  33*  4 
X  4 


The  equation  in  time,  14"  13'",  6 

By  this  formula  was  the  following  table  calculated  ;  but  it 
is  to  be  obferved,  that  the  fun's  longitude,  inftead  of  the  decH-= 
nation  anfwering  to  it,  is  put  down  for  the  argument,  as  being 
€he  moil  convenient. 


^ 
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A    T  A  B  L  E    of  the   E  QJJ  A  T I  O  N  S   to   equal  Altitudes.      For  Lat.  43°  23'  28"  N, 


H:iit"   Interval   between  the    Obfervations. 

O'^  lon- 
gitude. 

li.  M.   -p..  M.i 

K.  M 

H.  M. 

H.  M. 

H.  M.i  H.  M.    H.  M., 

H.  M.    H.  i\i. ! 

';i.  M. 

H.  :vl. 

n.  i.t. 

ti  i.i. 

11    i\: 

i*.  M. 

II    0 

II    lO 

li  10 

II    III 

II  3^ 

II  40 

II  50   III    0 

li!     il      01 

III  10 

III20; 

11130 

11140 

U        III 

11150 

IV  c 

iVic 

//    III 

IV  2. 

IV30 
//      /// 

S.       D. 

//      /7/ 

//    a 

a     III 

./     /// 

//     III 

//      HI 

//    III 

//    « 

//     /// 

0   —  0 

14.25 

^'■•33 

14.41 

14.49 

14.58 

15-  7 

15.16 

15.27 

15.40 

15-54 

i6.  7 

16.22 

10.3b 

16.55 

17-13 

17.33 

5 

13-52 

14.  c 

14.  9' 

14.18 

14.27 

H-37 

14-47 

14.59 

15.12 

15.26 

15.40 

15.56 

16.13 

16.31 

iO.51 

17.12- 

10 

13-13 

l%.22 

13-31 

13-4^ 

13-50 

H-  0 

14.11   14.24 

H-39 

H-54 

15.  9 

15.25 

15-43 

16.  2 

16.23 

i6.4f' 

M 

12.31 

12.4! 

12.51 

^3-  I 

13.11 

13.21 

13-32  13-46 

14.   I 

14,17 

14.32 

14.40 

15-  7 

15.26 

^5-47 

16.10 

20 

11.45 

il.J, 

VI.  ci 

12.15 

12.26 

12.37 

12.49  13.  3 

13.18 

13-33 

13-50 

14.   7 

14.20 

14-46 

.5.  8 

15.30 

25 

ro.56 

II.  6 

11,16 
10.26 

11.27 
10.36 

11.38 

10.47 

11.49 
10.59 

12.  2  12.16 

12.31 

12.46 

13-  3 

13.21 

13.40 

14.  0 
13. II 

J4-23 
'3-33 

14.46 

I  —  c 

10.  6 

10.16 

11.12  11.25 

1 1.40 

1 1.55 

12.12 

12.30 

12.50 

1^.5^ 

5 

9.  4 

923 

9-34 

9-44 

9.55 

!0.     7 

10.19jio.52 

10.48 

"•  3 

1 1.20 

11.3S 

11.58 

12.19 

12.40 

13.  21 

10 

8.21 

8.3c 

8.40 

«.5o 

9.    ] 

9.12- 

9-25 i   9-39 

9-54 

10.  8 

10.25 

10.42 

1 1.   1 

1 1.21 

ii.+  i 

12.  4 

15 

7.27 

7-36 

7.46 

7-55 

8.  6 

8.17 

8.29'   8.42 

8.56 

9.10 

9.26 

9-44 

10.  f 

10.22 

ro.42 

II.  3 

20 

6.3? 

6-43 

6.52 

7-   I 

7. 1 1 

7.21 

7-33!   7-45 

7-59 

8.13 

8.28 

8.44 

9-  2 

9.2c 

9.39 

9.5^. 

25 

5-43 

5.5c 

5.58 

6.   7 

6.\t 

6.26 

6.37)   6.49 

7-   I 

7.13 

7.27 

7.41 

7-57 
6.52 

8.14 

7-  7 

8.32 

8.50 

II—  0 

4.52 

4.58 

?•  ? 

5.13 

5-2C- 

5-29 

5-39I  5-5° 

6.  2 

6.13 

6.25 

6.38 

7-23 

7.40 

5 

4.  0 

4.  6 

4-13 

4.20 

4.27 

4- 351   4-43]  4-52 
3-39j    3-4'5;   I'Sl 

5-2 

5.11 

5.21 

5-32 

5-44 

5-57 

6.11 

6.26 

IC 

3.10 

3-15 

3.21 

3-27 

3-3;i 

4.  0 

4-  7 

4.16 

4.26 

4-36 

4-47 

4-49 

5.12 

15 

2.22 

2.25 

2.29 

2.33 

2.36' 

2.43I   3.48)   2.53 

2-59 

3-  5 

1.12. 

3-19 

3-27 

3-3^> 

3-46 

3.55 

2C 

1-33 

1-35 

1.38 

1.41 

1-44 

1.48.    1.52;    1.56 

2.  0 

2.  3 

2.-7 

2.12 

2.18 

2.24 

2.3c 

2.37 

25 

C.45 

0.46 

0.47 

0.49 
c.  0 

0.51 

0.  c 

0,53 
c.oj 

0,55;  0.57 

0.59 

I,   I 

I-  3 

I-  5 

0.  0 

I.  8 
0.  0 

i.i  1 
0.  0 

1.15 

0.  0 

1. 19 

III+c 

0.  c 

0.  c 

0.  0 

0.  o|  0.  0 

0.  0 

0.  0 

0;  0 

c.  0 

5 

0.45 

0.46 

0.47 

0.49 

0.51 

o-53i 

0.55;  0.57 

0.59 

I.   1 

^'  3 

I-  5 

I.  8 

I'll 

1.15 

1.19 

IC 

1-33 

^•35 

x.3« 

I.4I 

1.44 

1.48 

2.42 

1.52!    1.56 

2.  0 

2.  3 

2.  7 

2.12 

2.18 

2.24 

2.30 

2-37 

15 

2.22 

2.25 

2.29 

2.33 

2-37 

2.471  2.52 

2.59 

3-  5 

3.12 

3-19 

3-2/ 

3-36 

3-45 

3-55 

20 

3-  9 

3-M 

3-19 

3-24 

B-3C 

3-37. 

3-44|  3-5  i 

3-59 

4.   6 

4.15 

4.26 

f  4-36 

4-47 

4.49 

5.1 1 

25 

3.58 

4.  4 

4.1 1 

4.18 

4-25 

4-33 

4.41 

5-38 

:   4-49 

4.58 
5-59 

5-  7 

5.18 

5-30 

5-42 

5-55 

6.  9 

6.24 

IV4-  0 

4.50 

4-f7 

5-  4 

5.II 

5-19 

5.281 

i   5-48 

6.10 

6.22 

6.36 

6.50 

7.  6 

7.20 

7.36 

5 

5-43 

5.9c 

f.?8 

6.  6!   6.15 

6.24' 

6.35I  6.46 

6.59 

7-1 1 

7.25 

7.40 

7.56 

8.13 

8.31 

8.49 

10 

6-34 

6.42 

6.50 

6.59    7.  9 

7.20 

7-31     7-43 

7.56 

8.  9 

8.24 

8.40 

8.58 

9.16 

9-35 

9.56 

15 

7.26 

7-34 

7-43 

7.52-   8.   2 

8.13 

8.253  8.38 

8.52 

9.  6 

9.22 

9-39 

9-57 

10.16 

10.37 

10.59 

20 

8.19 

8.27 

S.36 

8.46;   8.57 

9.  9 

9-22)    9-361    9-50 

10.  4 

10.21 .10.38 

10.56 

II. 16 

11.38 

11.59 

25 

9.  9 

9.18 

9.28 
10.20 

9-39 

9.5  c 
•10.41 

10.   I 

10.13^10.27  .10.42 

10.57 
ii.49 

11.14 

11.31 
12.24 

11.50 
12.43 

12. 1 1 
13-  3 

12.33 

12.56 

V4-  0 

10.   t 

le.ic 

10.30 

1C.53 

II.  6:11.20  11.35 

12.  6 

13.25 

13-48 

5 

10.51 

II.    c 

II.  9 

II. 19  11.3c 

1 1.42 

11.55-  12.    9    12.24 

12.39 

13.56  13.14 

13-33 

13-53 

14.15 

14.38 

10 

^1-39 

1 1.4s 

11.57 

12.   7  12. lb 

12.29 

12.41I12.55    13.10 

13.24 

12.56^13.59 

14.18 

U-3^ 

15.  c 

15.22 

^5 

12.24 

12.33 

12.42 

12.52 

13-  3 

[3.14 

13-25^3-38    13-52 

14.   8 

H-23 

14.40 

14.58 

15.17 

15.38 

15.59I 

20 

13.   8 

^i-^5 

13-23 

13-32 

13-42 

^I'Sl 

14.    4114.16,14.30 

14.45 

14.59 

15.15 

15-32 

15.51 

16.12 

16.33* 

25 

13-43 

13-5^ 

14.  0 

14.10 

14.2c 

14.3c 

T4.40J  14.51  IS'  4 

15.18 

^5-3^ 

15.46  16.  2 

16.20 

16.4c 

17.  I 

Vl-f  0 

14.17 

14.24 

14.32 

14.40 

14.49 

14.59 

15.  8*15.19  15.31 

15.44! 

15-57 

16.12  16.28 

1^-45 

17.  3 

I  7. 2-2  J 
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A    TABLl:    of  the   EQJJATIONS   to    equal  Altitudes.      For  Lat.  42^  23/ 28'^  N. 


MATHEMATICAL     PAPERS. 


79 


The  ufe  of  the  foregoing  table  will  appear  eafy  by  an  exam- 
<^le. 

April  12,  1782,  the  following  correfponding  double  alti- 
tudes of  the  fun  were  taken  at  Cambridge  with  Hadley's  oc- 
tant, 

D.  Alt.     Foren.  Obf.     Afternoon.        Interval,         ■§  Interval.         Mean  Noon. 
Sun's  Up-  l54°oo'     '^^ ^6' zf    ^^11'   o"   8''i4'33'/  41   7/16^'/     iz^f^f^o'^ 
per  limb.    J  58  00      8     7  33      3  59  50     7  52   17     3  56     8-*-       12  3  41  30 

Sun's  low- ■)  59  20      8  14  18      3  53     o     7  38  42     3  49  21         j2  3  39  ot> 
er  limb.   J  61   20      8  20     3      3  47  22     7  27  ^9     3  43  39         12  3  42  30 


Mean  noon  by  the  clock  by  the  above  obfervations,  12  3  41   37 

Equation  by  the  table  for  change  of  declina.  during  the  f  Interval,  — 13  4^^ 


Apparent  time  by  clock  when  0's  center  pafled  the  meridian,  12  3  27  48 

Hence,  we  find  that  the  clock  was  3'  27^^48"*  too  faft  for 
apparent  time. 

The  mean  ^  interval  lo  thefe  correfponding  altitudes  is  3^' 
54'  6  ''.  The  fun's  longitude  at  noon,  on  the  above  day,  was, 
at  Paris,  by  ConJiolfance  desHemp^  o^-  22"*  40'  ;  therefore,  al- 
lowing  for  the  difference  of  meridians,  it  was  at  Cambridge,  o^- 
22°  52'.  Hence,  by  taking  the  proportion  in  the  table  be- 
tween the  equations  for  the  ~  interval  3^-  50'  and  j!^-  o',  and 
for  the  longitudes  o^-  20°  and  o^-  25*,  for  the  ^  interval  3^^- 
54'  6  "  and  the  longitude  0^-22°  52',  we  flrall  find  13''  49 ''^ 
Its  in  this  example. 


Tim 
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The  table  of  equations  to  equal  altitudes  is  calculated  for  la- 
titude 42"*  23'  28''  5  but  by  adding  or  fubtradting  the  follow- 
ing fmall  equations,  or  proportional  parts  of  them,  the  general 
equations  may  be  found,  as  far  as  two  degrees  in  latitude  more 
or  two  degrees  lefs.  Thefe  fmall  equations  are  put  down  with 
their  fign  for  the  fun's  longitudes,  the  half  intervals  and  the  la- 
titudes to  which  they  are  calculated  ;  and  they  need  no  expla- 
nation. 

f  Intervals.  .-I  Intervals. 

2^' 4.^' ^o'  2*'*4*>*30' 

O      /      /J  III         III  O      I      II  III         II    III 

^.     o       S.   o      S.     o  fLat.41  23  28N  Equ.  —  30— 36.  Xat.40  35  »8  Equ — 59 — ill 

©'slong.   o    o&VI.  ocLat.43  33  %%  -f  3J4*57-  Lat.44  23  28      ^\    2rfi  17 

©'slong.   I.  15     IV.i5cLat.41  23  aS  —21—26.  Lat,40  23  28      —     42-—    5^ 

TILljatX,!-;  LiLat.43  »3  aS  ?p  22-t- 27.  Lat.44  23  =*^      +     ^nAi-    SS 


^4-  -^  -^  ^ 

^  4*  -i^  ^ 

-^  -^  -1^ 
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IV.     A/ironomical  Dbfervations,  made   in   the  State  of  Mafla- 
chufetts .     By  Profeffbr  Williams, 

Obfervatlons  of  the  ecllpfes  of  the  fun  and  moon,  in  the  years 
1 76 1,  and  1764  ;  and  from  1770  to  1784. 

1.  An  obfervation  of  a  lunar  eclipfe,  November  12,   1761,  at 

Waltham. 

TH  E  weather  was  fo  cloudy  that  I  could  only  make  the 
following  obfervatlons  of  this  eclipfe.— 

Temp.  app. 

The  fliadow  reached  i^^/»/fr,  i6'''59'   o^' 

Mare  Vapor um^  ij     7  40 

^ycho,  14  25 

Mefielausy  17  28 

Mare  Crifiiim,  '             28   11 

Total  immerfion,  45   i^ 

2.  An  obfervation  of  a  lunar  eclipfe,  March    17,   1764,  at 

Waltha?n, 
The  moon  rofe   behind  a   cloud  that  lay  along  the  horizon, 
but  foon  began  to  appear  :  About  6^- 1 0 '  I  faw  her  confiderably 
eclipfed  :   'Tycho  was  then  covered. 


The  ihadow    reached    NeSiaris^ 

6^^-30' 

Copernicus, 
Mare  Vaporutn, 
Menelaus, 
L 

32 
43 
55 

Archimedes, 

S2  ASTRONOMICAL     anb 


The   fliadow   reached   Archimedes^ 

56V 

Mare  Crijium, 

7'-  3 

covers  Mare  Cri/mm, 

17 

liycho  begins  to  appear. 

8   12 

leaves  Mare  Crijhim, 

21 

End  of  the  ecllpfe. 

39  54'' 

Thefe  obfervations  were  made  with  a  refle6iing  telefcope  about 
four  feet  in  length  ;  And  the  clock  was  adjufted  by  a  meridian 
line,  and  correfponding  altitudes  of  the  fun. 

3.  An   obfervation  of  a  folar  eclipfe,  November  6,    1771,  at 

Bradford. 

The  beginning  of  this  eclipfe  could  not  be  obferved,  the 
weather  being  cloudy.  At  i'^-36'  42 '^  it  was  evident  that  the 
eclipfe  was  begun.  The  clouds  prevented  alfo  any  obfervation 
of  the  quantity  of  the  eclipfe  :  But  I  had  a  good  obfervation  of 
tlie  end,  which  was  at  3^'  47 '  2"  apparent  time, 

4,  An   obfervation  of  a  lunar  eclipfe,    April  6,     1773,    at 

Bradford, 

Temp.  app. 

Beginning  of  the  eclipfe,  14^32^ 38/^ 

The  fhadow  reaches  Grimaldus,  40  43^, 

Mare  UMmorunty  41   ^3 

covers    Mare  Humorimi^  ■  47  38 

reaches  Tycbo,  ^2  23 

Kepler,  15      I    28 

Copemictis,  1 1   20 

Mare  Tranquillhaiu,  27   13 

Mare  Fcscunditatis,  32  54 

Mare 
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The  Ihadow  reaches  Mare  Serenitatisg  42'  15''' 

Mare  Crijiiim,  58     8 

leaves  Mare  Crijhim,  16^-43  23 

Mare  Himiorum^  45  2 '2 

Mare^'ranquillitatis,  ^2  25 

T^c^o,  59  38 

End  of  the  eclipfe,  ly  20  10 

The  laft  obfervation  was  attended  with  fome  uncertainty  ; — 
the  moon  being  near  the  horizon,  and  the  day-light  far  ad- 
vanced. 

5.  An   obfervation   of  a  lunar   eclipfe,  July  30,    1776,    at 

Bradford, 
This  eclipfe  was  total  :  But  the  beginning  of  it,  and  the  be- 
ginning of  total  darknefs  were  invifible  at  Bradford^  both  hap- 
pening before  the  moon  rofe,  I  was  in  hopes  to  have  i'^tn  the 
end  of  total  darknefs,  but  was  prevented  by  clouds.  At  8^-  30 ' 
the  iky  became  perfedly  clear,  fo  that  I  had  a  good  obfervation 
of  the  end  of  the  eclipfe,  which  was  at  9^-  2 '  44  '' 

6.  An   obfervation   of  a   folar   eclipfe,   June  24,    1778,    a( 

Bradford. 
The  beginning  of  this  eclipfe  could  not  be  obferved,  the  fun 
being  wholly  covered  with  clouds.    At  i  o'^-  8 '  they  broke  away ; 
And  though  often  interrupted  afterwards,    I  was  able  to  note 
the  following  phenomena. 

About  lo"-  16/,  the  horns  of  the  fan  were  obferved  to  have 
an  equal  altitude,  being  in  a  line  parallel  to  the  horizon.  At 
I o^'  23 '  the  lucid  parts  of  the  fun  amounted  to  2 '  45 ''  5  whence, 

L  2  as 
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as  the  llin's  apparent  diameter  was  31 '  34'',  the  ecHpfed  parts 
were  28'  49",  or  10  digits  and  57  minutes.  This  was  very 
near  the  time  of  the  greateft  obfcuration  t  But  whether  it 
was  exad:ly  fo  I  could  not  determine,  the  fun  being  obfcured 
jufi;  before  and  after  this  obfervation.  At  10^-25'  a  large  fpot 
emerged  from  the  fhadow.  At  10^-59'  four  other  large  fpots 
were  wholly  within  the  lucid  part.  At  the  end  of  the  eclipie 
the  fky  was  become  clear,  and  by  a  good  obfervation  I  found 
this  to  be  at  1 1^38'  1 6  "  apparent,  time. 

During  the  eclipfe,  there  was  a  very  fenfible  alteration  In  the 
ftate  of  the  air.  A  chilU  and  a  damp  were  v-ery  generally  felt. 
The  mercury  in  the  tliermometer  at  9''-4',  jufl  before  the  eclipie 
began,  was  at  67°.!.  At  io''-2o/,  it  fell  to  66°*  At  the  end 
of  the  eclipfe  it  rofe  to  73**  3,  and  at  noon  it  was  at  74°x» 

As  the  time  of  the  greateft  obfcuration  came  on,  that  part 
of  the  iky  which  was  free  from  clouds,  changed  from  an  azure 
blue,  to  a  more  dark  and  duiky  colour :  And  the  dew  fell  fo  fail 
as  to  wet  the  paper  we  were  uiing  to  a  confiderable  degree. 

As  this  eclipfe  was  total  in  fome  of  \!i\t  font  hern  flat  esy  \  was 
very  defirous  to  have  it  carefully  obferved  in  feveral  places,  in 
hope  that  a  iufficient  number  of  obfervations  might  be  colled:- 
ed  to  determine  the  exad:  path  and  limits  of  the  ihadow  :  And 
it  was  with  much  regret  that  I  found  myfelf  prevented  by  the 
weather  from  making  a  more  compleat  obfervation. 

7,     An  obfervation  of  a  lunar  eclipfe,  December  3,    1778,  at 

Bradford^ 

Beginning 


IS 

• 

85 

Temp.  app. 

Il'^ 

•41' 

14^^ 

12 

6 

6 

13 

53 

23 

12 

28 

15 

13 

47 

0 

54 

0 

59 

3^ 

14 

5 

20 
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Beginning  of  the  eclipfe. 

The  fhadow  reaches  Mare  ^erenitatls, 

Copernicus,. 

Mare  TraJtquiliitatis,. 

Mare  Crifiuniy 
leaves  Mare  Imbriw7ty 

Mare  Serenitatis, 

Mare  Crifiumy 
End  of  the  eclipfe, 

Thefe  obfervations   were  made  in  a  very  favourable  ilate  of 
the  air. 

8.     An  obfervation  of  a  lunar  eclipfe,  and  an  emerfion  of  Jupi- 
ter's fecond  fatellite.  May  29,  1779,  at  Bradford, 

The  emerfion  of  the  fatellite  was  at  8  5^  ^3 

Beginning  of  the  eclipfe,  10   15  41 

The  fhadow  touches  Tycho,  2t$   ^ 5 

Copernicus,  4^  35 

Mare  Serenitatis,  11     06 

Mare  Crijium,.  18   15 

Beginning  of  total  darknefs,  28  39 

End  of  total  darknefs,  12  50  41 

The  fhadow  leaves  "Tycho,  ^Z  V     7 

Mare  Serenitatis^  3^  57 

Mare  Crijium^  54  49 

End  of  theeclipfe^  H    3  5^^ 

Puring 


26  ASTRONOMICAL    and 

During  the  whole  time  of  this  eclipfe,  the  weather  was  very 
favourable  for  obfervation.  All  the  obfervations  made  at  jB;W- 
forJy  were  taken  with  a  refledor  made  by  Nairne,  magnifying 
about  z^t^  times.  The  times  were  fliewn  by  a  good  clock,  care- 
fully adjufled  by  equal  altitudes  of  the  fun,  the  day  before  and 
the  day  after  the  eclipfe. 

9.  Obfervations  of  a  folar  eclipfe,  Odober  27,  1780,  made 
on  the  eaft  fide  of  Long-IJland,  in  Penobfcot-Bay. 
A  total  eclipfe  of  the  fun  is  a  curious  and  uncommon  phe- 
nomenon. From  the  principles  of  aftronomy  it  is  certain  that 
a  central  eclipfe  will  happen,  in  fome  part  of  the  earth,  in  the 
courfe  of  every  year  :  But  it  is  but  feldom  that  a  total  eclipfe  of 
the  fun  is  feen  in  any  particular  place,  A  favourable  oppor- 
tunity prefenting  for  viewing  one  of  thefe  eclipfes  on  Odtober 
27,  1780,  the  American  Academy  of  Arts  andSciences,  and  the 
Univerlity  at  Cambridge,  were  defirous  to  have  it  properly  ob* 
ferved  in  the  eaftern  parts  of  the  State,  where,  by  calculation,  it 
v/as  expedled  it  would  be  total.  With  this  view  they  folicited 
the  government  of  the  Commonwealth,  that  a  ve/Tel  might 
be  prepared  to  convey  proper  obfervers  to  Fenobfcot-Bay  j  and 
that  application  might  be  made  to  the  officer  who  commanded 
the  Britifh  garrifon  there,  for  leave  to  take  a  fituation  conveni- 
ent for  this  purpofe. 

Though  involved  in  all  the  calamities  and  diftrefTes  of  a 
fevere  war,  the  government  difcovered  all  the  attention  and 
readinefs  to  promote  the  caufe  of  fcience,  which  could  have 
been  exped:ed  in  the  moft  peaceable  and  profperous  times  5  and 
pafled  a  refolve,   directing  the   Board  of  War  to  fit  out  the 

Lincoln 
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Lincoln  galley  to  convey  me  to  Fenobfcot,  or  any  other  port  at 
the  eaflward,  with  fuch  affiflants  as  I  ihould  judge  neceflary. 

Accordingly,  I  embarked  OAoher  9,  with  Mr.  Stepheji 
Sewall,  Profeffor  of  the  Oriental  Languages,  James  Winthrop, 
Efq;  Librarian,  Fortefque  Vernon,  A.  B.  and  MefT'rs.  Atkins, 
Davis,  Hall,  Dawibn,  Renfalear,  and  King,  Students  in  the 
Univerfity.  We  took  with  us  an  excellent  clock,  an  aftrono- 
mical  quadrant  of  i\.  feet  radius,  made  by  Sijjh?2s,  feveral  tele- 
fcopes,  and  fuch  other  apparatus  as  were  neceflary. 

On  the  17th  we  arrived  in  Fenobfcot -Bay,  The  veffel  was 
direcfled  to  come  to  anchor  in  a  cove  on  the  eaft  lide  of  Long-- 

o 

Jjland.  After  feveral  attempts  to  find  a  better  fituation  for  ob- 
fervations,  we  fixed  on  this  place  as  the  moft  convenient  we 
had  reafon  to  exped:  :*  And  on  the  19  th  we  put  our  iqtftru- 
ments  on  fhore,  fet  up  the  clock  and  quadrant  in  a  building 
facing  towards  the  fouth,  near  the  houfe  of  Mr,  Shuba^l  Willi- 
ams, where  the  following  obfervations  were  made. 

October    20. 

Con;efponding  altitudes  of  the  fun  taken  with  a  refledor  fitted 

with  vertical  and  horizontal  wires. 

Time 

*  As  the  officer  who  commanded  at  Penohfcot,  in  his  anfwer  to  the  apphcation  of 
the  government,  had  hmitted  us  to  a  time  wholly  inadequate  to  our  purpofe,  from 
the  25th  to  the  30th  of  Odlober,  we  were  obliged  to  make  a  fecond  application  for 
leave  to  enter  "Pmohfcot-Buy  Leave  was  granted,  but  with  a  pofitive  order  to  have 
jao  communication  with  any  of  the  inhabitants,  and  to  depart  on  the  28th,  the  day 
^fter  the  eclipfe.  Being  thus  retarded  and  embarraffed  by  military  orders,  and  al- 
lowed no  time  after  the  eclipfe  to  make  any  obfervations,  it  beccime  neceffary  to  fet 
.up  our  apparatus  and  begin  our  obfervations  without  any  further  lofs  of  time.  In 
the  courfe  of  which,  we  received  every  kind  of  affiflance  fromCapt./2^v7;rv  Idovjctt^ 
of  the  Albany,  which  it  was  in  liis  povrer  to  give. 
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Eaftern  az. 
8^-   15'    44^' 

21     58 

28     48 

31     30 

Mean, 

Equation  of  altitudes, 
O's  center  on  the  meridian. 
Clock  too  fail. 


Time  by  the  clock. 
Weftern  az.  Meridian. 


3'-  54' 
48 

41 

38 


43 
28 

34 
57 


a 


12 


h. 


5'  13 

13 

II 

13' 


12 

+ 

12 


5  12,  j^ 

17'  50 
5  30,  25 
5  3o>  25 

Meridian  altitude  of  the  fun's  upper  limb,  taken  with  the  af- 
tronomical  quadrant,  '^^'^  15'  45'' 


October 

21. 

Correfponding  altitudes  of  the  fun  taken 

with  a  refledor. 

Time  by  the  clock. 

Eaftern 

az. 

Weftern  az. 

Meridian. 

8^-   15' 

ii'^ 

3'-  58'    20" 

12^- 

6' 

45''.5 

18 

45 

54     4^ 

45'  5 

21 

35 

51     52 

43>  5 

28 

28 

45       5 

46,  5 

32 

7 

41     23 

45 

35 

17 

38     12 

44>  5 

45 

53 

27     36 

44>  5 

Mean, 

12 

6 

45 

Equation  of  altitudes^ 

1 

+ 

17'  5 

0's  center  on 

the  meridian, 

12 

7 

2,  5 

Clock  gains  in 

24  hours, 

I 

32'  25 

October 
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October  22. 
Thick  fog  all  day.     No  aftronomical  obfervations.     At  8''- 
15',    A.M.    I   put  the  clock  back    15%  and  lengthened  the 
pendulum. 

October  23. 
Thick  fog  all  day.     No  aflronOmical  oblervation3.. 

October   24. 

Correfponding  altitudes  of  the  fun,  taken  with  the  quadrant. 
Time  by  the  clock. 


Eaflern  az-.         Welter] 

n  az. 

M 

eridia 

.n. 

gh.        ,.      ^^U           .h.    4^' 

58" 

J  jh. 

53' 

22",5 

4     SS              41 

52 

23*  5 

7     58              38 

54 

\ 

26 

n     3^               35 

23" 

27 

14    SI           31 

51 

24 

Mean, 

ri 

52 

24,  60 

Equation  of  altitudes. 

+ 

^6,  75 

o's  center  on  the  meridian^ 

II 

53 

41,  35 

Clock  too  flow. 

6 

58,  6^ 

Meridian  altitude  of  the  fun's 

upper 

limb. 

^rs'^'AV 

In  the  nip-ht  I  obferved  the  meridian  altitude  of 

0 

Rigel, 

37  16  15 

Sirius, 

29  19     0 

Procyoriy 

51  30  26 

October   25. 
Correfponding  altitudes  of  the  fun,  taken  with  the  quadrant. 

M  Time 
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Time  by  the  cloek. 


Eaftern 

az. 

Weftern  az. 

Meridian. 

8^-  31' 

ijH 

3h. 

I7V 

V9' 

ii*'- 

54' 

x8'< 

3S 

4 

13 

3^^ 

i7>  5t 

36 

43 

II 

53 

18 

38 

16 

10 

20 

18 

42 

4 

6 

28 

16 

45 

16 

3 

16 

16 

46 

0 

2 

33 

16,  5 

47 

38 

0 

53- 

15.  5 

49 

16 

2 

59 

II 

13^  5 

57 

16 

51 

8 

12 

59 

3 

49 

25 

14 

9      0 

39 

47 

47 

^^3 

Mean, 

II 

54 

15,  66 

Equation  of  altitudes. 

16,  63 

o's  center  on  1 

the  meridiar 

h 

XI 

54 

32,  29, 

Clock  too  flow. 

5 

27,  71 

Clock  gains  in 

I  24  hours. 

50>  94 

?kleridian  altitude  of  the  fun's  upper  limb,  33^*31  '  4'- 
In  the  night  I  obferved  tlie  meridian  altitude  of 

Rigeh  37  16  15- 

Sirius,  2g  jg     6 

Procyon,  _  51    30  3c 

October   26. 

Correfpondlng    altitudes    of   the  fun,    taken  with  the  qua« 

drant. 

Time 
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Time  by  the  clock. 


9.r 


Eaiteni  az.         Wefterr 

I  az. 

M' 

eridii 

m* 

8^-  30'    56"       3^-   19' 

13" 

nh. 

55' 

4'>5 

32     31                17 

41 

6 

34       3               ^^ 

5 

4 

34     45               ^5 

26 

5»  5 

36     25               13 

46 

5>  5 

37     56               12 

13 

4,  5 

Meaii, 

II 

55 

5 

Equation  of  altitudes^ 

+ 

16,  53 

o's  center  on  the  meridian, 

n 

55 

21,  53 

Clock  too  flow. 

4 

38,  47 

Clock  gains  in  24  hours^ 

49.  24 

October  27. 

Correfpondlng  altitudes  of  the  fun,  taken  with  the  quadrant. 
Time  by  the  clock. 


Eaftern 

az. 

Weflerr 

I  az. 

Meridian. 

Jh.        yr 

18" 

3'-  44' 

30'^ 

ii^-  ^^^   54'' 

8 

32 

43 

15 

53>  5 

9 

14 

42 

32 

53 

10 

48 

40 

56 

52 

12 

6 

39 

40 

53 

'5 

41 

36 

15 

58 

i7 

23 

34 

26 

54>  '5 

18 

33 

33 

13 

53 

19 

23 

32 

25 

s^ 

20 

56 

3^ 

48 

5^ 

24 

II     * 

27 

36 
I   2 

53>  5 

Eailern 
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Eaftern  az* 

Weftern  az. 

Meridian., 

25' 

25" 

26' 

18I 

5/  ">5 

26 

21 

25 

33 

^7 

29 

39 

22 

16 

57*  5 

3^ 

12 

20 

36 

54 

33 

21 

18 

28 

54.  5 

35 

5 

16 

48 

56,  5 

36 

27 

^5 

26 

56,  5 

Mean, 

11*- 

55' 

54.  33 

Equation  of  altitudes. 

+ 

16,  40 

©'s  center  on 

the  meridian. 

11 

56 

10,  y2 

Clock  too  flow. 

3 

49.  27 

Clock  gains  in  24  hours. 

49,  20 

Observations  of  the  Eclipse, 
Four  perfons  obferved  the  folar  eclipfe  with  me.  ProfelTor 
Sewall,  James  Winthorp,  Efq;  MefT'rs.  Dudley  Atkins,  and 
John  Davis,  two  young  gentlemen  of  the  Univerfity,  who  had 
made  good  proficiency  in  mathematical  ftudies,  and  been  pretty 
conflantly  employed  in  making  obfervations  for  Several  days 
before. 

At  8^-  20',  A.  M.  with  an  obje6t-glafs  micrometer  applied  to 
-a  refleding  telefcope  of  twelve  inches  focus,  made  by  S/)ort,  I 
meafured  the  fun's  diameter  parallel  to  the  horizon,  and  by  a 
mean  of  ten  obfervations,  I  foimd  it  32  '  17",  33. ' 

With  a  reflecting  telefcope  of  two  feet  focal  length,  made 
by  Short,  and  a  magnifying  power  of  ninety  times^  I  obferved 
the  beginning  of  the  eclipfe  at  11^'  11'  8 '  \ 

Soon 


\ 
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Soon  after  I  had  noted  the  beginning,  I  adjufled  the  micro- 
meter to  the  diredion  of  the  fhadow  -,  and  during  the  increafe  of 
the  ecHpfe,    made  the  following  oblervations  on  the  quantity. 


ji 


Lucid  Parts 

Lucid  Parts 

f.  time. 

by 

the  Mi- 

Luc 

d  Parts 

App.  time 

by 

the  Mi- 

Lucid  Parts 

crometer. 

reduced. 

crometer. 

reduced. 

PO 

0 

JO 

a 

< 

*t 

s! 

< 

*^ 

5! 

/       r/ 

" 

?> 

/ 

II 

h. 

/        // 

7*j 

/       // 

27  58 

I 

II 

16 

25 

12,    8 

12 

0    48 

17 

19 

12   17,  9 

29      I 

10 

16 

24 

ZU   8 

4      0 

16 

10  d 

11   18,  3 

30   12 

9 

12 

23 

42^  5 

6  52 

^3 

7 

9     8,  8 

33  38 

8 

7 

22 

51,   0 

9     3 

12 

2 

8  17,  4 

S5  49 

7 

18 

22 

32>  6 

12  48 

10 

15 

7  21,  9 

38   H 

5 

12 

20 

57.  9 

13  38 

9 

16 

6  42,  8 

42  24 

3 

4 

19 

ip'  3 

17  26 

7 

2 

4  51.  9 

45  24 

I 

6 

18 

I,  2 

19  31^ 

6 

i7d 

4  41.  5 

49  36 

0 

23 

^5 

i6 

16,  3 

21   24 

5 

I4d 

3  54.  3 

51  53 

22 

7 

15 

18,  8 

22  51  ■ 

4 

18 

3  2»»  4 

54  33 

21 

18 

15 

oy  3 

25   13 

2 

10 

I  42,  7 

56  16 

19 

13 

13 

27,  8 

26  50 

I 

13 

1     7,  8 

58  35 

18 

.7 

12 

34.  4 

28  48 

12 

24.  7 

Immediately  after  the  laft  obfervation,  the  fun's  limb  became 
fo  fmall  as  to  appear  hke  a  circular  thread,  or  rather  like  a  very 
fine  horn.  Both  the  ends  loft  their  acutenefs,  and  feemed  to 
break  off  in  the  form  of  fmall  drops  or  flars  -,  fome  of  which 
were  round,  and  others  of  an  oblong  figure.  They  would  fe~ 
para.te  to  a  fmall  diflance  :  Some  would  appear  to  run  together 
^gaih,  and  others  dimini/li  until  they  wholly  difappeared. 
Finding  it  very  difficult  to  meafure  the  lucid  part  any  longer,  I 
obferved  again  in  the  larger  telefcope,  looking  out  for  the  total 
immerfion.  After  viewing  the  fun's  limb  about  a  mjnute,  I 
found  almoil  the  whole  of.  it  thus  broken  or  feparated  in  drops,  a 
iinall  part  only  in  the  middle  remaining  conned:ed.  Plate.  I.  Fig. 
VII,  This  appearance  remained  about  a  minute,  when  one  of  my 
alTiftants,  who  was  looking  at  the  fun  with  his  naked  eye,  ob- 
served 
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-ferved  that  the  light  was  increafing.  At  this  time  I  could  not 
•fee  any  appearance  of  an  increafe  of  the  lucid  part.  At  12^" 
3-1 '  18  ",  it  was  evident  that  the  broken  parts  of  the  fuji's  limb 
beg-an  to  increafe  and  unite.  I  immediately  applied  to  the  mi- 
crometer and  meafured  the  chord  of  the  lucid  part,  and  found 
it  amounted  to  42°  or  43°  :  This  was  from  the  extremity  of 
each  limb  taken  from  the  moil:  diilant  parts  that  were  vifible. 
I  then  meafured  the  connected  part  of  the  limb,  and  found  it  to 
be  24°  or  25^-  As  the  light  and  limb  w^ere  by  this  time  very 
fenfibly  increafing,  I  again  began  to  meafure  the  quantity  of  the 
lucid  part,  and  made  the  following  obfervations  with  the  mi- 
crometer.* 


App.  time. 


/  ft 

ZS  48 
38  13 
40  18 

45  24 
47  21 
49  7 
51  55 
54  13 
56  15 
58  o 
2  59 


I-ucid  Parts 
by  the  Mi- 
crometer. 
JO      ►«      O 


II 
I 

8 
13 
15 

10  19 

11  2 

12  II 

14  17 

15  3 

16  5 

19  5 


Lucid  Parts 

reduced 

/       .'/ 

I     3» 

7 

2     5, 

3 

3_    O' 

8 

3  52. 

2 

5  59» 

7 

7  3°* 

I 

7  36, 

3 

8  35. 

9 

lo  10, 

4 

10  22, 

7. 

II     8, 

0 

13  "> 

4 

App,  time. 


/   // 

6  10 

12  29 

H  5 

17  53 

21   5 

24  46 
30  12 

33  12 
35  41 
39  6 
42  25 

46  31 


I-'TjcM  Parts 
by  the  Mi- 
crometer. 

;o    13    e 


Lucid  Parts 

■reduced. 


21 
O 
I 

3 
5 

7 


10  12 
12  8 
14  19 
16  19 
18  19 
20     7 


14  25 

17  7 

18  8 

19  21 
zo  33 
22  9 

24  23 

25  37 

27  22 

28  44 

30  6 

31  4 


The  quantity  of  the  lucid  part  being  now  become  io  large, 

I  prepared  to  obferve  the  end  :    And  with  the  fame  telefcope 

which  I  ufed  at  the  beginning,  I  obferved  the  end  of  the  ecKpie 

at  1^-50'  25". 

From 

*  I  fufpeft  there  muft  be  fome  Inaccuracy  in  thefe  obfervations.  Some  months 
after,  upon  examining  the  micrometer  with  which  they  were  taken,  I  found  forae 
parts  of  it  had  been  difplaced. 
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From  thefe  oblervations  it  may  be  inferred,  that  the  greateft 
cjblcuration  was  at  1 2^-  30  '  1 2  ^'  :  At  which  time  the  fun's  limb 
was  reduced  to  fo  fine  a  thread,  and  fo  much  broken  as  to  be 
incapable  of  menfuration. 

ProfeiTor  Sewall  obferved  with  an  achromatic  telefcope  of  4 
feet,  made  by  Dollatid,  magnifying  40  times. 

The  beginning  by  his  obfervation  was  at  1 1^-  1 1 '  38  ''.  The 
end  was  not  accurately  afcertained,  being  difturbed  in  his  ob- 
fervations  by  fome  of  the  fpe(^tors. 

Mr.  Winthrop  obferved  with  a  refledting  telefcope,  made  by 
Nairne,  magnifying  ^^  times. 

The  beginning  by  his  obfervation  was  at         1 1^  1 1 '  38  " 

Shadow  touches  the  fpotson  the  N.W.  limb>  29  28 

Spots  totally  immerfed,  30  o 

Shadow  touches  the  firftfpot  in  the  weftern  limb,  44  6 

central  fpot,  46  8 

eaflern  fpot,  47  9 

End  of  the  eclipfe,  I  50  17  to  21'' 

D.  Atkins  obferved  the  beginning  and  end  of  the  eclipfe 
with  a  refle(fling  telefcope  of  1 2  inches  focus,  made  by  Short , 
magnif)ing  about  5^5  times.  His  other  ob fervations  were  made 
with  the  telefcope  which  I  ufed  to  obfer\'e  the  beginning  and 
end  of  the  eclipfe.  The  following  is  his  account  of  his  ob- 
fervation s. 

Feginning  of  the  eclipfe,  1 1    11    13 

The 


44 

7 

46 

24 

27 

I 

4o 

la 

40 

2a 

7 

I 

43 

4 

CO 

28 
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The  {hadow  touched  tlie  center  of  a  large  fpot  *^       f      " 

on  the  weftern  fide  of  the  fan's  difc,     -         -        1 1    30   12- 
The  fl>adow  touched  the  center  of  a  long  clufter  of 

fpots  on  the  weftern  fide  of  the  fun's  center,     -     - 
The  fliadov/  bife6ts  the  large  fpot  in  the  fun's  center. 
The  fpot  on  the  eaftern  limb  of  the  fun  half  immerfed,     1 2 
The  fpot  on  the  eaftern  limb  of  the  fun  half  emerged, 
The  long  clufter  of  fpots  on  the  weftem  fide  of  the 

fun  half  emerged,.  -         -  -         •> 

The  central  ipot  half  emerged,  -  -  i 

The  fhadow  left  the  center  of  the  fpot  oil  the  weftern  fide,  43 
End  of  the  eclipfe,  ^         .  «         «.  i 

J.  Davis  obferved  with  the  telefcope  on  the  quadrant.  It 
gives  a  very  diftin<ft  vifion  ;  but  it's  magnifying  power  is  but 
fmalL     His  account  of  his  obfervations  is  as  follows. 

Beginning,.             -             -             -             -  111116 
Shadow  firft  touched  the  largeft  fpot  in  the  clufter 

on  the  N.  W.  limb,.             -         -         ~         -  29  10 

wholly  covered  the  fame,^         ^     ^      30  9 

Shadow  firft  touched  a  large  fpot  near  the  center  of 

the  fun's  difc,             -             -             -             »  46  14 

wholly  covered  it,         -         -    .  4^  55 

Firft  fpot  began  to  appear,              -             -         -  12  39  54 

wholly  free  of  the  fliadow,         *         -  4^  13 

Central  fpot  firft  appeared,              >-         -          -  i     6  25 

free  of  the  fhadow,             -              -  7  14 

Shadow  leaves  the  fun,             -             -        -  ^  49  5^ 

To 
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To  have  a  comparative  view  of  the  feveral  obfervations,  they 
are  fet  down  together  in  the  following  table.. 


Obfervers. 

Mr.  Williams, 
Mr.  Sewall, 
Mr.  Wiiuhrop, 
D.  Atkins, 
J.  Davis, 


II' 
1 1 
II 
1 1 


nnisg. 


8'/ 

38 

13 

\6 


End. 
I^^q'  25" 

I    50    171021 

1    50   28 
I    49   58 


Telefcope  made  ufe 

of. 
2  feet  refledor,    . 
4  feet  achromatic, 
I  foot  refledor, 
1  foot  reflecflor, 
2 1  feet  achromatic, 


Magnifying 

pow  er. 

90 

40 

55 

55 
fmall. 


\^^hilil  we  were  making  the  above  obfervations,  there  was- 
little  wind,  and  no  cloud  to  be  k^n.  But  the  air  was  not  per^ 
fedly  clear,  being  a  little  thick,  or  hazy. 

From  the  beginning  of  the  eclipfe  unto  the  time  of  the 
greatefl  obfcuration,  the  colour  and  appearance  of  the  {ky  Vv^as 
gradually  changing  from  an  azure  blue  to  a  more  dark  or  dufky 
colour,  until  it  bore  the  appearance  and  gloom  of  night. 

The  degree  of  darhiefs  was  greater  than  was  to  be  expedled, 
confidering  the  fun  was  not  wholly  obfcured. — Venus  appeared 
bright  in  the  weft  ;  'Jupiter  was  feen  near  the  fun  ;  Lucida 
Lyrcc  near  the  zenith,  and  Aridef  in  the  north-eaft  near 
the  horizon,  appeared  very  bright.  Several  others  of  the  fixf 
ftars  were  aifo  feen  whofe  fituations  were  not  particularly  noted. 
Objedls  at  a  fmall  diftance  appeared  confufed  ;  and  we  were 
obliged  to  make  ufe  of  candles  to  count  our  clock.  But  as  loon 
as  the  greateft  obfcuration  was  paft,  it  was  univerfaily  remarked, 
tiiat  the  increafe  of  the  light  was  much  more  rapid  than  that 
of  the  dariinefs  had  been. 

As  the  darknefs  increafed,  a  chill  2.ndL  dampnefs  were  very  ien-- 
Ebly  felt.     To  afccf  tain  the  quantity  of  <^t'w  that  fell  on  a  fc^uare 

N  foot^. 
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foot  during  the  eclipfe,  we  cut  two  pieces  of  very  fine  foft 
paper,  exadly  twelve  inches  fquare.  Having  weighed  them  in 
a  nice  balance,  we  placed  them  on  an  horizontal  board  in  the 
open  air.  Juft  after  the  greatefl  obfcuration  we  weighed  one  of 
them  again,  and  found  it's  weight  was  increafed  by  the  dew  that 
had  fallen  upon  it,  4I  grains  troy.  At  the  «nd  of  the  eclipfe 
we  took  up  the  other,  and  found  it's  weight  increafed  by  the 
dew  t\idX  lay  upon  it,  but  3  grains  ;  if  grain  being  evaporated 
as  the  light  and  heat  of  the  fun  increafed.  By  a  fimilar  expe- 
riment, the  quantity  of  dew  that  fell  upon  a  fquare  foot  the 
night  before,  was  found  to  be  6^:  grains  ;  the  night  after  the 
eclipfe,  7  grains.  Thus  in  i  hour  and  19  minutes,  when  the 
light  and  heat  of  the  fun  were  rapidly  decreafing,  there  fell 
two-thirds  as  much  dew  as  fell  the  night  before,  or  the  night 
after  the  eclipfe. 

To  determine  what  alteration  might  take  place  as  to  heat  or 
^old,  we  made  the  following  obfervations  on  Farenheit's  ther- 
mometer, which  was  hung  up  in  the  open  air,  on  the  nortk^ 
iide  of  a  tree. 

Time. 


Tlm^, 

Therin. 

jtofi-    0' 

520 

24 

54i 

»i     14 

57l 

21 

5^ 

26 

58 

44 

58 

49 

57 

56 

56I 

t7      1 

56 

3 

55 

*1 

5* 

e. 

Therm. 

16' 

53° 

20 

52 

25 

51 

33 

50 

42 

48 

45 

49 

24 

51 

29 

52f 

32. 

.  54 

37 

5S 

54 

58 

To 
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To  this  we  may  add,  fo  unufual  a  darknefs,  dampnefs  and 
chill,  in  the  midfl  of  day,  feemed  to  fpread  a  general  amaze^ 
ment  among  all  forts  of  animals  :  Nor  could  we  ourfelves  ob- 
ferve  fuch  Uiiufual  phenomena  without  ibme  difagreeable  feel-- 


ings.. 


The  latitude  of  the  plage, 
Computed  from  the  obferved  zenith  diftance  of  the  fun's  up^* 

per  limb. 

October  20, 

Zenith  diftance  of  the  fun's,  upper  limb»  54° 44'  ^  S'" 

Refraction,  H-            i   20 

Sun's  femi -diameter,  -f*         168 

Sun's  paralb.x  in  altitude,  —                 7 

Zenith  diftance  of  the  fun's  center^  ^^     i   36 

Sun's  declination,  fouth,  -*^  lo  4'4  ^^^ 


Latitude,  north. 

44 

17  ^4. 

October  24,, 

Zenith  diflance  of  the  fun's  upper  limb. 

56 

S  17 

Refraction, 

4- 

I   25 

Sun's  femi  diameter. 

-i- 

16     9 

Sun's  parallax  in  altitude. 

— 

7 

Zenith  diilance  of  the  fun's  center^ 

56 

25  44. 

Sun's  declination,  fouth^, 

—  12 

8  43 

Latitude,  north,  44  1 7     ^ 

October  25. 

Zenith  diflance  of  the  fun's  upper  limb>  $6  2856 

I^  o  Refraction, 
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Refradion, 

H-           i'26'f 

..Sun's  femi-diameter. 

-h          i6   10 

jSun's  parallax  in  altitude^ 

—                  7 

Zenith  diftance  of  the  fun's  center. 

56°46  25 

Sun's  declination,  fouth. 

*"—  12  29  21 

Latitude,  north. 

44  17     4 

Mean  of  the  above. 

44  17     ^'33 

The  LATITUDE  computed  from  the  obferved  zenith  diftance 

of  feveral  liars. 
RigeL 

IN^ean  of  zenith  diftances,  takenOd:,  24  and  25,    52  43  45 

Refradion,                                                          -f-  i    14,  7 

True  zenith  diflance,                                               52  44  59,  7 

'DQcWn.S.  ]2in,.ii  ijjOyhy  Greenwich  Ohferv,    .    8  29     .0,  2 

D^creafe  in  10  years  and  299  days,                  • —  S'^^7^ 

Aberration,                                                         -^  3, 2  9 

Nutation,                                                         — -  5^^^ 

Apparent  declin.  fouth,  Od:.  25,  1780^           —     8  27  53,93 

Latitude,  north,                                                      44  ^7     S>77 

Sirius. 

Mean  of  zenith  diftances,  taken  Od.  24  and  25,   60  40  ^j 

Refradiofi,                                                          •+-  i   4i>  ^ 

True  zenith  diflancc,                                               60  42   38,  2, 

Declin.  S.  Jan.  i,  1770,  hy  Greenwich  Obferv.  '    16  24  56,  r 

Increafe  in  10  years  an4  299  days,                   H-  45.-*97 

Aberration,                  t                               "^^  ^^^€ 

Nutation^ 
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Nutation,  — ^  6 '',90 

Apparent  declin.  fouth,  Od.  25,  1780,        =—  i6'25'24,   13 


Latitude,  north,                                                    44  17  14,  07 

Procyon, 

Mean  of  zenithditoices,  takenOd,  24and25,    38  29  32 

Refracflion,                                                       -{-  45,  jj 

True  zenith  diftance,                                              38  30   17,  3 

Declin.  N.Jan,  i,  1770,  by  Greenwich  Obferv ,  5  47   t^^y  % 

Decreafe  in  10  years  and  299  days,                ■ —  i   20,  5S 

Aberration,                                                       4-  4>  71^ 

Nutation,                                                          ►{-  8,  10 

Apparent  declin.  north,  Od.  25,  1780,        -{-     5  46  47,  43 


Latitude,  north,  44  1 7     4>  73 

Mean  of  the  above,  44   17     S,   19 

Latitude  from  obfervationg  of  the  fun,  44  17     6>  3^ 

Latitude  from  obfervations  of  the  ftars,  44   1 7     8,   19 

Mean  of  both,  44  17     7>  26 

In  computing  the  latitude  I  have  made  ufe  of  the  table  of 
refradions  inferted  in  the  Greenwich  obfervations.  But  from, 
feveral  obfervations  I  have  reafon  to  think  that  the  refradions 
in  P.enobfcot'Bay  are  not  uniform  and  regular  ;  biit  that  they 
vary  very  much  w^ith  the  winds  and  weather  in  that  uncultiva^ 
ted  part  of  the  country. 

As   to  our  longitude,  I  could  have  wiflie'd  to  have  had  fome 
obfervations  of  the  eclipfes  c^  Jupiter's  fatellites,  and  of  the  oc-" 

cultations 
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cultations  of  the  fixed  flars  by  the  moon.  But  no  obfervation$ 
of  this  kind  could  be  made.  Comparing  my  obfervation  of 
the  beginning  and  end  of  the  eclipfe  with  obfervation s  made  at 
Cambridge y  Cheljhi,  and  Beverly t,  and  thence  computing  the 
diitcrence  of  mei-idians,  I  find  our  obfervatory  on  Long-JJland, . 
was  9'  20  "  to  the  eafi:  of  Cambridge.. 

The  longitude  of  the  place  of  our  obfervation  agrees,  very  well 
with  what  we  had  fiappofed  in  our  calculations.  But  the  lati- 
tude is  near  half  a  degree  lefs  than  what  the  maps  of  that  part 
of  the  country  had  led  us  to  expedl.  On  this  account  our  fitu- 
ation,  inflead  of  falling  v/ilhin  the  limits  of  the  total  darknefs, 
proved  to  be  very  near  the  fouthern  extremity. 

10.     Obfervatlons  of  a  lunar  eclipfe,  November  11,    1780,  at 

Cambridge, 

The  clock  was  regulated  by  equal  altitudes  of  the  fan,  taken. 

byMr.Gannett  andiMr.Mellen.  At  8''-  40',  I  meafured  the  moon's 

diameter  parallel  to  the  horizon  with  an  objed:-glafs  microme* 

ter,  and  by  a  meanof  fcven  obfervations,  found  it  toJbe  30f45  ",9,» 

Beginning  of  the  eclipfe,  by 

Mr.  Williams,  with,  an  achromatic  telefcope  Temp,  app, 

magnifying  90  times,  10^-21'    g'^ 

Mr.  Gannett,  with  a  refledlor  magnifying  55  times,  10  21   23. 

J.  Dawfon,  with  arefledor  magnifying  60  times,  10  21   37; 

End  of  the  eclipfe,  by 
Mr,  WilliamSi  13  22  22' 

Mr.  Gannett,  13  22  21. 

Mr.  Mciien,  with  a  refle<^or  wjagnlfying  55  ti»eSp     13  22  24 

At 
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At  the  time  of  the  greateft  obrcuratlon  the  quantity  of  the 
lucid  part,  as'  near  as  I  could  meafure  it  w;th  the  micrometer, 
amounted  to  5'  39",  2. — But  this  obfer\'ation,  and  thofemade 
on  the  end  of  tlie  ecHpfe,  muil  be  viewed  as  attended  with  fome 
uncertainty.  The  fliadow  of  the  earth,  throughout  the  whole 
eclipfe,  was  very  ill -defined  :  And  from  the  middle  to  the  end 
of  the  eclipfe,  the  moon  was  partly  obfcured  by  very  thin, 
whitifh  clouds,  which  made  it  extremely  difficult  to  diftinguifh 
the  limits  of  the  fhadow,  or  the  exad:  time  when  it  left  the 
moon's  limh. 

ji.     Obfervations  of  a  lunar  eclipfe,    March  28,    1782,    at 

Cambridge, 
Three  gentlemen  of  the  Univerfity  obfervcd  this  eclipfe  with 
:me  : — James  Winthrop,  Efq;  Librarian,  John  Mellen,  A.  Mo 
Mathematical  Tutor,  and  Elijah  Paine,  A.  B.     The  obferva- 
tions we  made  were  as  follow. — 

Mr.  Williams  s  obfervations. 

Temp.  app» 

Beginning  cf  the  eclipfe,  1 4''- 1 3 '  1 6  '^ 

Shadow  reaches  Tycho,  28  58 

Grimaldus^  S'^      3 

covers   Grimaldus^  37  51 

reaches  Copernicus.,  j  5     4   i  o   ' 

Mare  TranquilUtatis^  8  40 

!?3'<:/6i?  appears,  ^6  26  27 

leaves    Tycho^  28   19 

Mare  Crifium^  29  25 

End  of  the  eclipfe,            -  .53  41 

End  of  the  penumbra^  SS  5^ 

,      ,  Theio 
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Thefe  obfervations  were  made  with  an  achromatic  tclefcope 
magnifying  90  times,  made  by  Nairne.  At  13^-  30',  I  mea- 
fured  the  moon's  horizontal  diameter  with  an  obje6t-glafs  mi- 
crometer apphed  to  a  reflecting  telefcope  of  1 2  inches  focus, 
made  by  Shorty  and  by  a  mean  of  five  obfervations  I  found  it  3  3 ' 
12  '".  The  greateft  obfcuration  was- at  15''- 34'  33'',  when  the 
lucid  part  of  the  moon,  meafured  by  the  micrometer,  was  1 1 ' 
31 '',  amounting  to  4  digits  11':  Whence  the  quantity  of  the. 
echpfe  was  7  digits  49 ' ., 


Mr.  Winthrofs  obiervation,. 

Temp.  app». 

Echpfe  began,  I4^'- 1 3  *  42  '^ 
Shade  reached  Tycho,.  28     5, 

^T'ycho  wholly  eclipfed,_  jo  24^ 

Grmaldusy.  33  ^7 

Grimaldus  quite  eclipfed,  37  42^ 

Infti/a  Fentorum  ecViyffcd^,  59  22 

CopernicuSy  1$     4     6 
Cnfps  horizontal^  4^   59 

Tj^y^t?  begins  to  emerge,  1 6  26     6- 
quite  out  of  the  fbade,  27  49, 

End  of  theeclipfe,  S3   ^5 

End  of  the  penumbra^  53  45 

Mr.  Winthrop  obferved  with  a  refledlor,  made  by  Nairne^, 
iStted  with  vertical  and  horizontal  wii'es^  magnifying  ^^  times.. 


MXi. 
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Mr.  Melkris  Gbfervation« 

Temp.  app. 

Beginning  of  the  eclipfe,  H^'H'    5^' 

Shadow  firll  touched  ilfi^r^  l/"w/;;i'rz/w,  ^^43 

Sinus  Epide??iartim,  23  44 

Tycho  begins  to  immerge,  27     7 

wholly  immerged,  28.  34 

GnVW^wj- begins  to  immerge,  31   41 

wholly  immerged,  2>7  S^ 

Laujbergius  begins  to  immerge,  49  46 

Infula  Ventoriun  begins  to  immerge,  53  21 

Copernicus  begins  to  immerge,  15     3     ^ 

wholly  immerged,  14     i 

Mare  Crifium  begins  to  immerge,  ^7  5^ 

7yc/jo  begins  to  emerge,  16  25  51 

wholly  emerged,  28  21 

iVf<?;T  Cri//w;;?  wholly  emerged,  29  51 

End  of  the  eclipfe,  54  36 

End  of  the  penumbra,  55  31 

Thefe  obfervations  were  made  with  an  achromatic  telefcope. 
made  by  Dolland,  magnifying  40  times. 

Mr.  Paine  s  obfervation. 

Beginning  of  the  eclipfe,  14  14  26 

Shadow  reaches  Gr/;;2^/(^z^x,  32   16 

covers  Grimaldus,  35   59 

jeaches  Copernicus y  15     254 

Grimaldus  begins  to  emerge,  38  23 

is  wholly  emerged,  42   1 7 

*           O .  tychiT 
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1'ycho  begins  to  emerge,  1 6^*  2  6 '  49  '^ 

is  wholly  emerged,  27  52 

Mare  Crifium  wholly  emerged,  29   18' 

End  of  the  eclipfc,.  53    11 

End  of  the  penumbra,,  5^   1 1 

Mr.  Paine  s  obfervatlons  were  made  with  a  ref!e3lor,  made 
by  Short,  magnifying  ^^  times  :  But  this  was  the  firfl  eclipfe 
he  had  ever  obferved., 

Thefe  obfervations  were  made  at  the  houfeofProfeiTor//^////- 
a?ns.  The  times  were  Ihcwn  by  an  excellent  agronomical  clock j, 
made  hy Ellicott,  which  was  carefully  regulated  by  correfponding 
altitudes  of  the  fun.  The  weadier  was  very  favourable  for  ob- 
fervaticfl. 

In  lunar  eclipfes  the  flialow  is  fo  imperf^flly  defined  that  the 
beginning  and  end  can  feldom  be  obferved  without  an  uncertain-, 
ty  of  one  minute,  and  fonietimes  of  two  or  three,  miniites.  la 
this  eclipfe,  the  circumflances  were  favourable  for  obiervation,. 

To  have  a  comparative  view  of  the  feveral  obfervations,  thofe 
phenomena  are  fet  down  in  the  following  table,  which  were 
noted  by  each  obferver.. 

Phafes  obferved  by  M&fT'fs, 
Beginning  of  tjie  eclipfe. 
Shadow  reaches  Tychoy 

CrhnaUiiS, 
covers  Grmaldu3i 
reaches  Copernlais^ 
Tycho  begins  to  emerge, 
wholly  emergeJ, 
MareCrifium  wholly  emer 
End  of  fl?e  eclipfe, 
End  of  the  pei;iu&ibra> 


Williams, 

WIntIil"Gp, 

Mellen, 

Paine, 

14*^13   16 

14*^  13' 42" 

14^14'    5" 

,14^  i4'26f 

28  58 

28     5 

27     7 

31     3 

33  27 

3^  41 

32  iS. 

37  51 

37  42 

37  5» 

35  59 

15     4  10 

15     4    6 

55     3     5 

15     2  54 

16  26  27 

l6  26    5 

16  25  5,1 

16  26  49 

28  19. 

27  49 

28  21 

27  52 

jed,  29  25 

29  51 

29  iS 

53  41 

53  15 

54  3^ 

53  II 

5^  S} 

55  45 

55  3^ 

56  II 

12,     ObfervatioiiS 
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12.     Obfervations  of  a  folar  eclipfe,  April  12,  1782,  at  C^jw-. 

bridge. 
We  had  not  any  compleat  obfen^ation  of  the  beginning  of 
this  eclipfe,  being  interrupted  by  fmall  fleeting  clouds  paffing 
over  the  fun.  At  12^'-  10'  45",  I  had  a  dear  view  of  the  fun, 
and  could  not  fee  any  appearance  of  tlie  eclipfe.  At  i2^-  1 1* 
i^",  I  difcerned  a  darknefs  upon  the  weflern  limb,  but  could 
not  determine  whether  it  was  occafioned  by  a  thin  whitifli  cloud 
vv^hich  was  then  pafling  over  the  fun,  or  whether  it  was  the 
beginning  of  the  eclipfe.  At  1 2^-  1 1 '  45 '',  the  cloud  left  the 
weftern  limb,  and  it  was  apparent  that  the  eclipfe  began  fome 
time  before.  From  thefe  circumflances  I  think  it  probable 
that  the  beginning  of  the  eclipfe  was  very  near  12^- 1 1'  15''. 
Mr.  Paine  made  the  fame  remarks  upon  the  beginning  ;  but 
noted  the  darknefs  5  or  6  feconds  fooner  than  I  perceived  it. 

-At  the  end  of  the  eclipfe  we  had  very  good  obfervations  ; 
rthe  air  being  clear,  and  the  fky  free  from  clouds.  Thefe  ob-* 
fervations  were  as  follow ,: 

End  of  the  eclipfe 

By  Mr.  Williams,  with  an  achromatic  telefcope         Temp.  app. 

magnifying  90  times,  2^-51' 30'^ 

By  Mr.  Winthrop,  with  a  refie<flor  magnifying  ^^ 

times,  2  51   28 

By  Mr.  Mellen,  with  an  achromatic  telefcope 

magnifying  30  times,  2   51   29 

By  Mr.  Paine,   with  a  refledor  magnifying  ^$ 

tiines^  2  51   15 

O  2  At 
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At  1 2^-  I  meafured  the  fun's  horizontal  diameter  with  an  t3b« 
je(5l-glafs  micrometer,  fitted  to  a  reflediing  telefcope,  and  by  a 
mean  of  five  obfervations  found  it  31'  54".  At  i*"'  34',  the 
.obfcuration  was  the  greateft  :  The  lucid  part  of  the  fun  was 
then  19'  9";  whence,  the  greateft  ecl'pfe  was  4  digits  48'. 

I  J.     Obfervations  of  a  lunar  eclipfe,  September  10,   1783,  at 

Cwnbridge, 
The  moon  rofe  behind  a  ^  cloud  that  lay  along  the  horizon. 
At  j^-2Q  y  I  faw  her  totally  eclipfed.  The  eaftern  part  was  of 
that  dufky  copper-colour  which  is  ufual  in  total  eclipfes  :  But 
the  weftern  part  was  fo  obfcure  as  to  be  almoft  invifible,  except 
a  circular  appearance  of  light  round  her  limb.  At  y^-  27  ",  the 
clouds  broke  away,  and  I  had  a  good  obfervation  of  the 
End  of  total  darknefs  at  7^-41  '53^* 

In  a  few  minutes  the  moon  was  again  obfcured  by  clouds  s. 
But  at  8^-  15*,    they  difperfed  and  left  a  very  clear  fky  ;  after 
which  I  made  the  following  obfervations  * 
Mare  Serenitatis  wholly  emerged,  8   22   3.8. 

Mare 'Tranquillitatis  Wi\(^y  ^^xi^vg^^,  31      3 

Mare  Crijium  begins  to  appear,  31    33 

bifed:ed,  33   38 

whplly  emerged.,  35  43 

End  of  the  eclipfe^  42     8. 

Thefe  obfervations  were  taken  with  an  achromatic  telefcope 
inagnifying  90  times  :  But  the  (hadcw  did  not  appear  to  be 
very  dilHndly  defined. 

Mr.  Mcllen,  with  a  refle^^ing  telefcope  magnifying.55  times, 

made  the  followinfj:  obfervations  : 

End 
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Temp.  app. 

End  of  total  darknefs,  7''"4» '  48'' 

Langrenus  wholly  emerged,  8    34     4. 

End  of  the  eclipfe,  4^     3 

Mr.  Paine  obferved  with  an  achromatic  telefcope  magnifying 
30  times.     By  his  obfervation 
The  end  of  totil  darknefs  was  at 
Bright  fpot  in  Mare  Vaporum  wholly  emerged. 
Mare  Tranquillitatis  wholly  emerged. 
End  of  the  eclipfe, 

Both  thefe  gentlemen  obferved  with  me  -,  and  the  times  were 
taken  by  the  fame  clock.. 

The  laft  eleven   eclipfes   were  all  that  could  be  obferved  ia 
^his  part  of  America,  from  Jan.  i,  1770,  to  Jan»  1,,  1784. 

Obfervations  of  the  eclipfes  of  Jupiter's  fatellites^ 


7 

42 

.8 

8 

•4 

28 

3^ 

88 

42 

'3" 

17^2. 

Temp,  app. 

June 

25» 

9^-  48'    30'' 

Em. 

2d  fatellitc. 

July 

2, 

12       2  1       54 

Em. 

2d  fitellite* 

3» 

12      9     53 

Em. 

I  ft  fatelUte.. 

Aug, 

27^ 

9      6     25 

Em. 

I  ft  latellite. 

28, 

9      3     49 

Em. 

2d  fatellite». 

Sept. 

12, 

7     31     29 

Em. 

I  ft  fatellite. 

Thefe  obfervations  were  taken  with  an  achromatic  telefcope 

magnifying  about  300   times.     If  they  are  compared  with  the 

calculations  in  the   Nautical  Almanac,  the  ?nean  will  give  4'^- 

44'  36''  for  the  difference  of  meridians  between  the  Royal  Ob- 

fervatory  at  Greenwich,  and   the  Univerlity  at  Cambridge  in 

America. 

Obfervations 
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Obfervations  of  the  Tranfits  of  Venus  and  Mercury  over 
the  Sun,  in  the  Years  1769,  and  1782. 

J.     An  obfervatlon   of  the  tranfit   of  Venus  over  the  fun, 
June  3,   1769,  at  Newbury, 

The  tranfits  of  Venus  over  the. fun  are  among  the  moil  un- 
common and  uleful  phenomena  vv^hich  aftronomy  ever  prefents 
^o  our  view.  1  had  the  happinefs  of  feeing  that  of  1761,  at 
St.  Johiis,  m  Newfoundland y  attending  the  late  excellent  Dr. 
/F"/;z/>6r(9/>  in  his  voyage  and  obfervations  at  that  place.  That 
of  1769  I  obfervedat  Newbury,  at  the  feat  o^  I'rijh'am  'Dak en ^ 
;:^fq;  a  gentleman  of^  Newbury-Fort. 

The  telefcope  I  ufed  v^as  a  reflector,  made  by  Natrney  mag- 
nifying about  t^'i^  times  ;  a  good  inftrument,  but  not  fitted v/ith 
a  micrometer,   or  with  vertical  and  horizontal  hairs,  as  I  could 
;have  wiihed.     The   clock  was  a  very  good  one,   and  carefully 
adjufted  to  apparent  time  by.  correfponding  altitudes  of  the  fun. 

The  weather  for  ieveral  days  before  the  tranfit  had  been  dull 
and  rainy  ;  but  the  third  of  'June  proved  favourable  to  our 
wiflies.  The  air  was  uncommonly  clear,  and  the  fky  ferene. 
About  twenty  minutes  before  the  tranfit  was  expeded,  I  began 
to  keep  my  eye  fbeadily  fixed  on  .that  part  of  the  fun's  limb  on 
which  the  planet,  by  calculation,  was  to  enter  ;  an  afliitant, 
counting  the  clock  in  the  mean  time,  w^hile  another  fi:ood  by 
to  write  down  the  obfervations.  Thus  prepared,  we  waited 
with  a  kind  of  agreeable  anxiety  for  the  high  fatisfadion  of  fee- 
ing Venus  on  the  fun  ^  a  fatisfadtion  I  had  once  before  enjoyed 
in  viewing  the  tranfit  of  176 1,   and  which  I  knew  muft  end 

with 
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with  that  of  1769.  A  fmall  irregularity  on  the  fun's  limb 
feemed  to  denote  the  approach  or  firfl  appearance  of  the  planet. 
At  2^-30'  14"  apparent  time,  I  fufpeded  I  faw  ajmall  aiJiKrb" 
ance  on  the  fun's  limb  :  But  the  impreiTion  was  then  fo  imall, 
irregular,  and  ill  defined,  that  it  was  not  till  after  feveral  feconds 
th-it  I  was  certain  the  tranfit  was  begun.  The  impreffion  in* 
cieafing  and  growing  more  diftii  Gt,  1  fi;.eJ  on  the  tin  e  men* 
tioned  ..bcvc  as  iht  t.n.e  of  the  external  contaB,  By  obfervers-, 
in  the  fame  ftate  of  the  atmofphere,  with  telefcopes  and  eyes 
equally  good,  and  fixed  on  that  part  of  the  flin  on  which  the 
planet  entered,  L  imagine  this  fi/fl  imprefiion  might  have  been 
obferved  to  an  agreement. of  five  or  fix  feconds. 

Soon  after  Venus  had  firfl  touched  the  fun's  limb,  the  whoI« 
of  her  difc  became  vifible  :  She  appeared  circular,  and  was  fur- 
rounded  with  a  pale  glimmering  light,  not  very  difbindtly  defin- 
ed. From  this  appearance  I  concluded  it  would  be  impofTible 
to  fix  upon  the  precife  moment  when  her  limb wouki  be  exadlly 
coincident  with  that  of  the  fun,  and  therefore  determined  to 
wait  till  there  fliould  appear  a  ■  fmall  thread  of  light  between 
them.  As  the  internal  contact  drew  near,  the  thread  of  light 
began  to  form,  and  fsem^ed  to  dart  on  each  fide  of  the  planet  for 
feveral  feconds  without  being  fixed  or  fettled.  At  2'^- 48'  44", 
v/ith  a  feeming  uncertainty  of  not  moi^  than  ieven  feconds-,  it 
became  clofed  and  fixed.  Venus  then  appeared  wholly  withia 
the  fun,  feparated  from  his  limb  by  a  fine  flream  of  light  flow- 
ing gently  round  it.  This  I  fixed  upon  as  ^m  internal  cmtadf* 
Not  hwiftg  a  micrometer  J  or  hairs  fixed  in  the  refie(flor,  inilead 
of  m Jiing  any  further  obiervations,   we  could  only  enjoy  tl^s 

plcafare. 
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pleafure  of  viewing  this  curious  phenomenon,  and  (hewing  it 
to  a  number  of  gentlemen  who  had  aflembled  on  the  occafion. 

In  the  above  account  of  the  contaBs  the  duration  of  the  in- 
grefs  or  paflage  of  Venus  over  the  fun's  hmb,  is  i8'  30'^;  near 
one  minute  longer  than  in  mofl  of  the  American  obfervations , 
By  theory  it  fhould  be  18  '  ^(i''  j  but  as  this  mufl  have  been 
contradied  fifteen  feconds  by  parallax  at  the  place  of  obfervation, 
the  apparent  duration  of  the  ingrcfs  would  be  but  1 8 '  4 1  " ; 
that  is,  eleven  feconds  longer  than  it  was  made  by  obfervation. 
I  much  doubt  whether  it  was  polTible  to  difcern  the  planet  ib 
foon  as  eleven  feconds  after  the  firil  contad,  when  not  a  fecond 
of  its  diameter  had  entered  upon  the  fun.  It  feems  more  proba- 
ble that  the  internal  contaSi  was  pafb  before  the  thread  of  light 
appeared  to  me  to  be  compleated. 

The  latitude  of  the  place  where  this  obfervation  was  made  is 
42**  47',  north.  With  regard  to  it's  longitude,  the  mean  of 
fix  obfervation s  of  the  eclipfes  of  Jupiter  s  fatcUiteSy  give  it  i ' 
26  "  in  time  eafl  of  Cambridge, 

II.  An  obfervation  of  the  tranfit  of  Mercury  over  the  fun, 
November  9,  1769,  at  Salem. 
The  tranfits  ot  Mercury,  though  they  are  not  of  equal  ufe 
in  aftronomy  as  thofe  of  Venus,  are  yet  of  great  advantage  to 
perfea  the  elements  of  his  theory,  and  to  determine  the  longi- 
tude of  places  on  the  earth.  I  had  an  opportunity  to  obferve 
one  of  thefe  tranfits  at  the  houfe  of  Andreiv  Oliver,  Efq;  at 
Sale?n, 

The 
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The  only  inftrument  we  could  procure  was  a  refledling  tele- 
fcope  magnifying  about  60  times.  To  afcertain  the  time  I  was 
obliged  to  make  ufe  of  a  watchy  which  for  feveral  days  was 
carefully  regulated  by  the  fun's  paflage  over  the  meridian.—-— 
Taking  the  minutes  from  the  watch,  I  counted  feconds  from 
one  minute  to  another.  And  from  the  pains  I  took  to  be  exadt, 
I  believe  the  time  was  well  pointed  out  this  way, ,  though  fuch 
as  an  Aftronomer  would  by  no  means  chufco. 

At  2^54'  40''  apparent  time.  Mercury  came  on  the  fun's 
limb  as  it  were  in  an  inflant,  in  the  form  of  a  clear,  regular, 
well-defined  black  fpot.  T\it  internal  contaSi  was  equally  in- 
ftantaneous.  At  2^-  ^6'  o'',  the  thread  of  light  clofed  to  ap« 
pearance  in  a  moment,  without  a  feeming  uncertainty  of  one 
fecond.  The  iky  being  perfediy  clear  and  ferene,  nothing 
could  be  better  defined  than  the  limbs  of  Mercury  and  the  fun  : 
But  the  telefcope  did  not  admit  of  any  further  obfervations^ 
cither  of  the  diameters  of  the  fun  and  Mercury,  or  the  leail 
diilance  of  theii*  limbs. 

The  latitude  of  Sa/em  is  4.2''  35'  north  ;  and  it's  longitude 
is  about  1/  15"  in  time  eafl  of  Cambridge. 

Ill,     Obfervatlorss  of  the  tfanfit  of  Meii cur  y-  over,  the  fun^ . 
Nov.  12,    1782,  at  the  Univerfity  in  Cairibridge. 

Two  gentlemen  of  the  Univerfity  obferved  this  tranlit  with 
me  I  James  Winthrop,  Efq^  Librarian,  and  .Elijah  Paine^ .  A.  B, 

The  inftruments  which  I  ufed  inobferving  this  tranfit,  were 
an  achromatic  telefcope  made  by  Nairne,  with  a  magnifying- 
power  of  J503  a  refieding  telefcope   fitted   with  an   objea- 

P;  glafs- 
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glafs  mlcremeter  made  by  Short,  with  a  magnifying  powef  of 
60  ;  and  an  aflronomical  clock  made  by  Ellicott.  To  regulate 
ihs  clock  with  the  greatefl  accuracy  I  took  a  large  number  of 
correlponding  altitudes  of  the  fun  every  day  the  weather  would 
(permit  from  the  beginning  of  OSiober^  and  found  by  the  rii^fl: 
careful  attention  that  it  kept  equal  time  very  exadly  :  The 
greatefl  error  at  any  time  not  being  more  than  two  feconds  in 
twenty- four  hours. 

On  the  1 2  th  of  November  the  weather  was  fair,  but  the  air 
was  not  in  the  mpfl  favourable  llate  for  obfervation.  Viewing 
the  fun  with  an  excellent  achromatic  telefcope^  I  found  the 
fpots  on  the  difc  well  defined  ;  but  the  lirab  apper.red  to  have 
an  irregular,  tremulous  motion.  This  tremor,  or  undulation 
of  the  fun's  liml),  was  of  different  degrees  at  different  times  ; 
but  it  did  not  wholly  ceafe  any  part  of  the  day. 

At  9^-  55 ',  I  began  to  keep  my  eye  fteadily  fixed  on  that  part, 
of  the  fun's  limb  on  which  the  planet  was  to  enter ;  and  at  ic^- 
6 '  o "  apparent  time,  I  faw  the  firil  appearance  of  Mercury^ 
The  impreflion  feemed  to  be  fudden  and  inflantaneous,  and  with- 
out any  uncertainty  as  to  the  time.  But  the  appearance  was 
not  like  the  contadt  ,of  two  circles,  or  like  that  of  a  well-de- 
fined black  fpot  entering  upon  the  fun  ;  but  rather  like  a  dark 
oval  fliadow  inflantly  entering  and  mixing  with  .the  fun's  limb. 
Plate  I.  Fig.  VIII.  While  Mercury  was  thus  entering  upon 
the  fun,  no  part  of  it  was  vifible  but  that  which  was  within 
the  fun's  difc.  It's  figure  appeared  to  be  elliptical :  The  greater 
axis  feemed  to  pafs  through  the  point  of  contad,  and  to  he 
about  one-third  longer  than  the  other.  This  elliptical  appear- 
ance of  the  planet  made  it  impoffible  to   determine  when  the 

limb? 
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limbs  of  the  fun  and  Mercury  exaflly  coincided.  I  tlierefore 
eftimated  the  internal  contaB  by  the  firft  appearance  of  a  fmall 
thread  of  light  between  them.  This  took  place  at  lo^-  12' j'*^ 
The  elHptical  appearance  was  then  wholly  gone,  and  Mercury^ 
appeared  circular,  and  perfectly  well-defined.  But  the  tremu- 
lous motion  of  the  fun's  limb  was  then  fo  great,  that  this  obfer- 
vation  feemed  to  be  attended  with  an  uncertainty  of  eight  or 
ten  IJbconds.. 

When  Mercury  was  wholly  within  the  fun,  I  applied  mylelf 
to  the  micrometer  to  meafure  the  diameters  of  the  fun  and  Mer- 
cury, and  the  leaft  diftance  of  their  limbs.  By  a  mean  of  eight 
obfervations  taken  during  the  tranfit,  I  found  the  fun's  hori- 
zontal diameter  to  be  32'  21",  85  :  This  was  the  fame  with 
the  reiult  of  feveral  limilar  obfervations  made  a  little  before 
the  tranfit  began,  and  juft  after  it  ended.  To  afcertain  the  di- 
ameter of  Mercury,  I  made  twelve  obfervations  at  difeenS' 
times  during  the  tranfit.  The  greatefl:  care  was  taken  to  have 
them  accurate  :  And  the  mean  of  all  the  meafures  gave  it  9'V 
247.. 


In  obferving  the  leafl  diftance  of  the  limbs  of  the  fun  and: 
Mercuiy,  I  made  the  following  obfervations  : 


Appa- 

•ent  time. 

Beaft  dift 

;  of  the 

limbs 
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I  found  confiderable  difficulty  in  meafuring  fuch  ftnall  dif- 
■tances. — But  the  utmoft  attention  was  paid  to  tliefe  obfervationa, 
as  being  fome  of  the  moft  ufeful  and  important  of  t|ie  whole  ; 
And  I  believe  they  were  taken  with  as  much  exadnefs  as  the  in- 
ilrument  would  admit.  Thofe  near  the  middle  I  efteemed 
the  moft  exadt. 

As  Mercury  approached  the  limb  of  the  fun  I   again  ufed 
the  achromatic  telefcope  ;  and  at  1 1^-  23'  8",    obferved  the  fe- 
cond  internal  contaB.     Mercury  was  then  perfedly  circular  and 
well-defined  ;  and  the  undulation  of  the  fun's   limb  lefs  than 
before.    '  This  obfervation  did  not  appear  to  me  to  be  attended 
with  an  uncertainty  of  more  than  four  or  fivefecpnds. .    While 
Mercury   was  paffing  the  fun's  limb,  it'?  form  again  appeared 
elliptical,  and  the  fame   phenomena  took  place   which  were 
noted  at  the  former  conta(5ls,  but  in  a  much  lefs  degree.  Juft  be- 
fore the  end  of  the  tranfit,  the  limbs  of  Mercury  and  the  fun 
appeared  to  be  blended  and  mixed  together.     At  ii"-  29'  19'', 
Mercury  feemed  inftantly  to  break  off,  feparate,.  and   difappean 
This  obfervation  I  efleemed  the  mofl  exad:  of  any  I  had  made;.* 

To 

*  America  was  the  mofi:  favourable  place  for  obferving  this  tranfit  :  And  the 
andulation  of  the  fun's  limb  feems  to  have  been  greater,  in  fome  parts  of  Europe, 
than  it  was  here.  On  fuch  accounts  the  American pbfervatlons  may  be  of  much  ufe 
In  the  records  of  aftronomy.  Byaletter  from  M.  de  la  Lande,  dated  Paris,  Febru= 
ary  14,  1783, 1  find  they  have  been  viewed  in  this  light  by  the  Royal  Academy  of 
Sciences  at  Paris.  "  J'ai  recu,  Monfieur,  avec  une  extreme  iiitlsfaftion  vos  lettres 
"  avec  les  obfervations  qui  y  etoient  renfermees.  Je  les  ai  prefentee  a  1'  Academic 
<*  des  Sciences,  qui  m'a  charge  de  vous  en  faire  fes  remerciraens,  et  qui  les  a  def= 
"  tinees  a  1'  impreffion.  J'  ai  donne  moime  au  journal  des  ikvans  votre  obfervati- 
<<  on  du  parage  de  Mercure,  qui  m'a  fait  d'  autant  plus  de  plaifir  que  notre  ob- 
*f  fervation  de  Paris  etolt  fort  douteufe  a  caufe  de  V  ondulation  des  bords  du  fokil." 
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To  afcertain  the  diameter  of  the  fun  hy  other  meafures,  about 
?i;^j>^v  I  m^  feveral  obfervations  of  his  pallage  over  the  meridi- 
an. Thefe  obfervations  were  taken  with  a  tranfit  telefcope,  fit- 
ted with  three  vertical  hairs.  The  times  were  fhewn  by  a  cu- 
rious watch^  which  diftinguifhes  to  a  quarter  of  a  fecond.  The 
mean  of  ten  obfervations  gave  2'  \b",  2,  for  the  time  of  the 
fun's  paffing  the  meridian.  This,  reduced  to  parts  of  a  circle, 
;and  multiplied  by  the  co-fme  of  the  fun's  declination,  gives 
32 '  24",  20,  for  the  fun's  apparent  diameter. 

Mr.  /^'m/^r^^'j-  obfervation. 

The  telefcope  Mr.  Winthrop  ufed  was  a  large  reflector,  made 

hj  Short.     It's  apperture  is  eight  inches,  and  it's  focal  diftance 

forty-eight.     It  has  four  magnifying  powers — 120,  260,  380, 

and  500.     The   magnifying   power   Mr,  Winthrop   ufed  was 

260,     With  this  he  obferved 

Temp.  app. 
The  firft  external  contadl  at  lo"-  6 '  3 1  'i 

The  iirft  internal  con  tad:  at  1 2   1 3 

The  fecond  internal  con  tad:  at  ^  Ji   23     5 

The  fecond  external  con  tad  at  29   10 

With  regard  to  thefe  obfervations  it  fliould  be  noted,  that  the 
times  in  both  our  obfervations  were  taken  by  the  fame  clock  5 
but  we  obferved  at  different  parts  of  the  houfe,  and  without 
any  kind  of  communication  together.  The  obfervations  of  the 
firft  external  contad  differ  thirty-one  feconds.  Thofe  of  the 
firil  internal  contad  are  within  fix  feconds.  Thofe  of  the  fe- 
cond internal  contad  differ  but  three  feconds  :  And  in  thofe  of 
the  lafl  external  contact  there  is  no  difference  at  all.     The  ob- 

fervation 
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iervation  of  the  laft  external  contact  Mr,  Winthrop  fuppofes 
was  attended  with  the  greatefl  certainty  :  And  he  noted  thole 
optical  phenomena  which  have  hten  mentioned. 

Mr.  Paine  s  obfervation. 
Mr.  Paine  ufed  a  refledior  m.ide  by  Nairne,  magnifying  50 
times.  This  telefcope  is  fitted  with  vertical  and  horizontal 
hairs  ;  and  is  fo  made  that  thefe  hairs  may  be  adjufted  to  any 
fituation  ;  to  obferve  differences  of  altitude  and  azimuth,  or 
thofe  of  right  afcenfion  and.  declination. 

By  his  obfervation,  the  firil  external  contacft  was  at  id^-j'j"^. 
The  internal  coiifad;  was  not  accurately  noted. 

During  the  tranfit,  he  made  the  following  oblei-vations  of  the 
difference  of  right  afcenfion  between,  the  limbs  of  the  ^m\  and 
Mercury  :  The  haii's  in  the  focus  of  the  refiedor  being  fo 
placed  that  the  upper  limb  of  the  fun  appeared  to  move  along 
one  hair,  and  of  confequence,  the  other  was  perpendicular  to> 
the  Equator. 

r.. 
Sun's  preceding  limb  at  the  hair,, 
Mercury's  center  at  the  fame. 
Sun's  fucceeding  limb  at  the  fam_e,, 

2^ 
Sun's  preceding  linrib  at  the  hair,,. 
Mercury's  center  at  the  fame. 
Sun's  fucceeding  limb  at  the  famCa. 

3- 
Sun's  preceding  limb  at  the  haii> 
Mercury's  center  at" the  fame. 
Sun's  futcccding  limb  at  the  iame^ 
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Ilh'  i' 

58  V 

3 

3^ 

4 

^5 

5 

41 

7 

II 

7 

57 

13 

59 

15 

26 

16 

15 

22 

5 

28 

6 

M  A  T  H  E  M  A  T  I  C  A  L    P  A  P  £R  S.      ik^" 

4- 
Sun's  preceding  limb  at  the  hair, 
ivlercury's  center  at  the  fame, 
Sun's  fucceeding  limb  at  tlie  fame, 

5' 
Sun's  preceding  limb  at  the  hair, 

Mercury's  center  at  the  fame, 

;Sun-s  fucceeding  limb  at  the  fame, 

6. 

Sun's  preceding  limb  at  the  hair. 

Mercury's  center  at  the  fame^ 

.Sun's  fucceeding  limb  at  the  fame,^ 

Laft  internal  contac^t, 

Xafl  external  conta(5l, 

In  refped  to  Mr.  Paine  s  obfervations  of  the  contacfts  we  may 

remark,  that  they  appear  to  have  been  carefully  made,  notwith- 

ilanding  they  differ  fo much  from  thofc  made  with  much  larger 

telefcopes.     The  difference  in  the  obfervations  evidently  arofe 

from  the  difference  of  telefcopes.     Mercury  was  (qqt).  with  an 

achromatic  magnifying  150  times,  i  '7  "  fooner  at  the  firft  con- 

;ta(5t,  and  i '  13  ""later  at  the  laft  contadt,  than  it  was  with  this 

;fmall  refledor.     The  mean  of  thefe,   i '  10'',  may  be  taken  as 

-the  difference  which  arofe  from  the  difference  of  telefcopes  in. 

fobferving  fo  fmall  an  objed  as  Mercury,  in  fuch  a  ffate  of  the 

atmofphere.     Allowance  being  made  for  this  difference,   Mr. 

Paine's  -obfervations  of  the  con  tad:  will  be  found  to  agree  as  well 

with  the  other  obfervations  of  the  contadl,  as  they  do  with  each 

other.     The  obfervations  of  the  differences  of  right   afceniion 

v/ould  be  very  little  affeded  by  this  caufe,  and  therefore  do  not 

^want  any  corredtioa. 

From 
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From  thefe  obfervatlons  it  will  be  eafy  to  compute  all  the 
eircumftances  of  this  tranfit,  and  the  principal  elements  of  the 
theory  of  Mercury. 

Thus,  Plate  I.  Fig.  IX.  let  the  circle  ^AQ^reprefent  the 
fian  i  NS  the  ecliptic  I  i^Q^ a  parallel  to  the  equator  ;  VA 
the  apparent  path  of  Mercury  ;  NE  part  of  Mercury's  orbit. 
SA  is  a  perpendicular  to  the  equator  ;  SE  a  perpendicular  to 
the  ecliptic  j  and  SM  a  perpendicular  to  Mercury's  vilible  way. 
The  middle  of  the  tranfit  will  be  when  Mercury,  arrives  at  the 
point  M  ;  the  ecliptical  conjuncftion  at  E  ;  and  the  conjund:ion 
in  right  afcenfion  at  A:  And,  N.  will  reprefent  the  place  of 
Mercury's  afcending  node.. 

The  middle  of  the  tranfit  is  given  by  the  obfervations  of  ther: 
contad:s.     This, 

Temp.  app. 

By.myobfervations  of  the  external  contads,  was  at  10^-47'  3 9 '',5; 
By  thofe  of  the  internal  contacts,.  10  47   37,  5 

My  Mr.Winthrop'sobf.  of  the  internal  contacts,   10  47   39 

The  mean  of  which  may  be  affumed  as  moil  exa(5l,  i  o  47   38 ,  66  ? 
The  vifible  conjun^aion  of  the  fun  and  Mercury  in  right  af- 
cenfion, may   be   deduced  from  Mr.  Paine's    obfervations   o£; 
their  differences,  &c..    The   refult  of  thefe  obfervations,    as  I. 
have  deduced  them  from  calculation,  are  as  follow  : 

DiiTfrence  DifT.  R.  A. 

R.  A.    of  .  in  Parts  of  a  Time  of  Conjunc" 

Obi,  App.  Time.  .  O's   cen-  Circle  redu-  tion  of   ©  and  ^ 

ter,  audg  ced    to   the  in  Right  Afcci^ifion.-. 

in  Time.  Equator.. 

1  !o''27'35«  37"  8' 48",  2  li^s'^yi 

Z  34  32d  34?  5  ^  ^2,  3  12  5   15, 

3  50  13,  2«,  5  6  46,  8  325  sgi. 

4  "     3  30  23»  5  5  35»  4  J^  5  58 

5  711  22  ;  5    14,   O  12    5    40 

6  J5  26  19.  4  Sh  3  ^2  5  57 

Mean,  12  5  57,  33 

Th«- 
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The  apparent  diameters  of  the  fun  and  Mercury  are  alfb  de-i 
termined  by  obfervation. 

By  the  micrometer  meafures.  Mercury's  diam.  was         9 '',247 
The  diam.  of  the  fun  by  the  microm.  meafures  was  3  2 '  2 1 ,  85 
By  the  time  of  it's  paffing  the  meridian,  32   24,  20 

The  mean  of  which  may  be  taken  as  moil  exact,        32  22,  96 

The  leail  diftance  of  centers  is  alfo  had  from  obfervation. 
By  the  micrometer  meafures  this  was  15  43,  70 

To  examine  the  obfervations  made  by  the  micrometer,  I  com- 
puted by  trigonometry  what  the  leafl  diftance  of  centers  would 
be  by  calculation  from  the  obfervations  of  the  contad:s.  The 
refult  gives  the  leaft  di  fiance 

By  my  obfervations  of  the  external  conta(5tS,  1 5  44,   t 

By  thofe  of  the  internal  con  tads,  15  43,  5     ' 

By  Mr.  Winthrop's  obfer v .  of  the  in ternal  contads,   15  43,  6 
The  mean  is  the  fame  as  by  the  micrometer,  15  43,  j^ 

From  the  obfervations  of  the  diameters  and  leall  diflance  of 
centers,  we  may  compute  the  length  of  the  apparent  tranfit- 
line,  and  Mercury's  vifible  horary  motion  from  the  fun.  In 
the  right-angled  triangle  SMm,  we  have  SM  the  leall  diflance 
of  centers,  and  Sm  the  fum  of  femi-diameters.  Multiply  the 
the  fum  of  Sm  and  SM  by  their  difference,  the  fquare  root  of 
the  produ6l  will  be  the  length  of  Mm.  By  fuch  a  calculation 
(all  the  circumflances  of  the  obfervations  being  taken  into  con« 
fideration)  the  length  of  the  tranfit-line,  eflimated 
By  the  external  contads,  is  496  '',2 

By  the  internal  contads,  is  423,  o 

And  hence. 
By  .proportion,  g  's  vif.  horary  mot.  from  die  fun  was  5 '  ^7,  33 

Q^  From 


t2^  ASTRONOMICAL    and 

From  theCc  dat(Z  we  may  determine  the  angle  of  Mercury's 
vlfible  way  with  the  ecliptic,  the   geocentric  latitude,  and  ^thej 
time  of  the  ecliptical  conjun<aion.     In  the  right-angled  trian-- 
gle  SMA,  SM  is  given,  and  MA  is  known  by  the  vifible  hora-^ 
ry  motion  of  Mercury  from  the  fun.     Hence,  we  can  find  SA,. 
and  the  angle  MSA  26°  13'  28".     ESA  is  the  angle  made  by/ 
that  parallel  to  the  Equator  which  palTes  through  the  fun's  cen- 
ter  at  the  ecliptical  conjunction,  and  the  ecliptic  >  and  is  equak 
to  the  fun's   declination  at  that  time,   17°  52  '  55''.     Subtra(5l 
this  angle  from  MSA,  and  we  have  the  angle  MSE,  the  angle - 
of  Mercury's  vifible  way  with  the  ecliptic,  8  °  20 '  3  3  " .    Again, , 
in  the  right-angled  triangle  SME,  we  have  SM,  and  the  angle 
MSE  ;  from  which  we  can  find  SE  and  ME,     The  former  is: 
the  geocentric  latitude,  and  the  latter  is  the  difference  between^ 
the  middle  of  the  tranfit  and  the  ecliptical  conjundion.     By 
fuch  a  calculation  correded  by  parallax,  at  the  ecliptical  con- 
junction the  geocentric  latitude  of  Mercury  was    15'  56",  8  : 
And  the  time  of  ecliptical, conjun<5lion,  Nov.  I2^-  ii^- 10'  58'%. 

In  the  above  calculation,  the  parallax  of  Mercury  from  the 
fun  at  the  ecliptical  conjuRclion,    is    fuppofed  to  be  3",  09    in. 
latitude,  and.  i  ",  50  in  longitude. 

The  geocentric  latitude  and  the  angle  of  Mercury's  vifible 
way  with  the  ecliptic  being  known,  we  can  alfo  determine  the 
place  of  Mercury's  node,  and  the  inclination  of  his  orbit  to  the 
plane  of  the  ecliptic.  If  we  affume  Mercury's  diffance  from 
the  earth  to  be  67683,  and  his  diftance  from  the  fun  31 198, 
his  heliocentric  latitude  at  the  ecliptical  conjundion  wiJl  be 
34*  36'';  his  horary  motion  in  the  ecliptic,  15'  \%",  21  -,  and. 
his  horary  motion  in  the  ecliptic  from  the  fun,    12'  47",  01. 

Then 
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'Then,  in  the  the  right-angled  fpherical  triangle  VSE,  SE  and 
;the  angle  VES  are  known  ;  from  which  we  can  find  the  fide 
SV,  3°  55' 33''.  If  this  be  increafed  in  the  ratio  of  12' 
47",  01  to  15'  18",  21,  we  fhall  have  the  fide  SN,  Mercu- 
ry's diflance  from  the  node,  4°  41 '  59".  Subtracting  this  from 
7S.  20"  26'  36'^  the  fun's  place  at  the  time  of  ecliptical  con- 
jundion,  (by  Mayer's  tables)  we  fhall  have  the  place  of  Mercu^ 
ry's  afcending  node  in  «,  15°  44' 37''. 

Again,  'in  the  right-angled  fpherical  triangle  SNE,  the  fides 
SE  and  SN  are  given  :  From  thefe  we  can  find  the  angle  SNE 
the  inclination  of  Mercury's  orbit  to  the  plane  of  the  ecliptic, 
7'o'i3". 

In  computing  the  place  of  Mercury's  node  and  the  inclina- 
tion of  his  orbit,  the  calculation  chiefly  depends  on  the  angle 
of  Mercury's  vifible  way  with  the  ecliptic.  This  may  be  com- 
puted from  the  obfervations  of  the  contacts.  But  a  very  fmall 
error  in  thofe  obfervations,  will  produce  a  very  confiderable  one 
in  the  deductions.  It  was  therefore  thought  befl  to  deduce  it 
"from  the  obfervations  of  right  afcenfwn^  which  are  equally  con-* 
venient,  and  more  numerous* 


yA  y^.  W.  )K  '^ 
*A  4:  >tT  ♦^  y»i 

"^i  '^i  '^^.  .^i 
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y.  Some  fele5i  AJirommical  Ohfervatiom  made  at  Chelfea>. 
Latitude  ^2"  25',  and  26/'  in Tifne  Eaji  of  the  Vniverfty^^ 
at  Cambridge.     %  the  Rev.  Phillips  Payson,,F.  A.J. 

THE  ufe  of  aftronomical  obfervations,  to  promote  the 
purpofes  of  navagation  and  geography,  muft  be  evident 
to  every  peribn  that  has  paid  any  proper  attention  to  the  fub- 
je(5t.  By  comparing  obfervations  made  in  different  places,  ir 
is  well  knowa,  fpecial  advantages  accrue  ;  and  by  traafmiling 
thofe  of  one  age  down  to  another,  affords  aftronomers,  in  fu- 
ture time,  great  helps  for  improvement:  And  no  doubt  but- 
improvements  will  be  made  in  this  divine  fcience  to  the  end  of 
time. 

The  extenfive   territories  of  the  United  States  of  Ameribit^. 
ai-e  a  foundation  in  nature  for  a  vafl  empire. — The  geographer 
of  its  interior  parts,  th€mgh  of  great  importance,  is,  at  prefent, 
but  little  bettcT  than  conjedtural  r    To  perfe<5l  which,  and  fix 
the  interefling  boundaries  and  lines,  the  beft,  and  indeed  the 
only  proper  method' is,  that  of  aftronomical"*  obfervations,  which^ 
it  is  probable,  the  Supreme  Council  of  ^wfr/V<^  willfoon  adopt, 
now  the  glorious  revolution  is  fo  happily   compleated.     To 
promote  fuch  obfervations,  both  at  noted  head-iands  upon  the 
fea-coafl,  and  at  diflant  places  in  the  interior  country,  highly 
merits  the  attention  of  this  Academy  :  For  though  they  fhould; 
not  at  firft  be   made   with  fuch  accuracy  as  modern  aflronomy, 
can  boafl  of,,  they  w^ill  prove  great  helps  for  future  improve* 
ments. 

The  mode  of  obfervation,  to  determine  the  latitude  of  a  place, 
iS  of  veryeafyacquifition,:  Nor  is  that  difficult  which  fettles  its 
longitude,  if  a  perfon  can  be  furnifhed  with  a  good  time-piece^ 

Hadkyi 
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Hadleys  quadrant,  and  a  tolerable  telefcope.  The  ecllpfcs  of 
Jupiter's  fatellites  being  fo  frequent,  and  of  ilich  eafy  obferva- 
tion,  they  prove  very  favourable  phenomena  for  this  purpoie. 

But  u^here  great  accuracy  is  required,  a  folar  eclipfe  or  an> 
occultation  of  a  flar  by  the  dark  fide  of  the  moon,  are  to  be 
prefered. 

Several  places  in  this  and  fome  other  ilates  in  the  union,  have 
been  determined  in  refped:  to  each  other,  with  much  precifion, 
from  obfervations  of  late  years.     Such  as  fiiall  be  made  in.  fu-. 
ture,  may  corred:  fome  errors  of  the  prefent. 

The  following  obfervations  were  made  with  much  care  and 
attention.  The  clock  was  an  excellant  good  one,  regulated  by 
equal  altitudes  of  the  fun  taken  by  reflection  with  Kadleys 
quadrant  :  It  was  counted  by  a  perfon  much  ufed  to  the  thing  i 
and  in  all  of  them^  fpecial  care  was  taken  in  adjufting  the  equa« 
tion  of  equal  altitudes  for  the  decreafe  or  increafe  of  the  fun's 
declination. 

The  glafs  ufed,  is  a  refleding  telefcope,  made  by  Nairne^, 
better  than  2  feet  in  lengtli,  and  magnifying  about  ^^  times.. 
In  a  clear  air,  it  fliows  the  latellites  of  Jupitex  to  be  nearly  of 
the  bignefs  of  liars  of  the  firfb  magnitude. 

Emerfions  of  Jupiter's  fatellites  in  the  year  1779. 


lil. 

Sattelite. 

2d. 

Satellite. 

App.  Time. 

App.  Time. 

April  22, 

10^7'    3" 

May  29,^ 

8h58'oQ7 

May    8, 

8  S7  19 

June  30, 

S  39  15. 

J  5^ 

10.  52    7 

3d. 

Satellite, 

June  23, 

9  16  40 

May  16, 

8  54  20 

23' 

12  52  4,0. 

,  Jime  28, 

8  3^6'    I 
Obfervations 
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Obfervation  of  a  folar  eclipfe,  June  24,  1778.     . 

App.  Tfme. 
Beginning,  A.M.  9^-  6 '42'/ 

Middle,  10  21   55 

End  exad,  11  38  2| 

Obfervation  of  a  lunar  eclipfe,  May  29,  1779. 

Immerfion  d's  S.  E.  limb,  10  15  44 

Pitto           3) 's  N.  W.  limb,  11   31  16 

Emerfion    D  's  N.  E.  limb,  1 2  50  ^z 

Ditto          d's  S.  W.  limb,  14     ^  ^^ 

Obfervation  of  a  folar  eclipfe,  Odober  27,  1780. 
Beginning,  11  00  58 

Immerfion  of  four  fpots,  nearly  in  a  line,  juft 

above  the  o's  centen     Spot  ifl.  Plate IL Fig. I.  n   ^^     6 

2d.  II   34  15 

3d-  II  35     6 

4th.  II  36  18 

Immerfion  of  a  large  fpot  nearly  in  the  o  's  center. 
Beginning, 

Spot  covered,  i.  e.  end, 

JEmerfton  of  the  four  fpots  above  the  g's  center. 

Spot  I  ft. 
2d, 

3d. 
4th. 

Emerfion  of  the  large  fpot  near  the  o's  center. 

Beginning, 

Compleated, 

Eclipfe  ended^ 

Duration, 


1 1 

36 

18 

II 

37 

20 

12 

53 

3 

12 

54 

23 

12 

55 

5 

12 

56 

9 

12 

56 

44 

12 

57  45 

J 

40 

37 

^ 

39 

39 
At 
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At  II*''  15',  mercury  in  the  thermometer  ftood  at  59**— . 
It  fank  gradually  ;  and  at  I2^-  30%  flood  at  51  °' — Then  gradu* 
ally  rofe  to  59**,  at  i^- 15'.     A  little  before  12'^-,  there  appear-* 
ed  a  large  halo,  or  circle,   around  the  fun,  and  continued  fot, 
fome  time. 

Obfervation  of  a  lunar  eclipfe,  November  11,  1780. 

App.  Time.' 
Beginning,  10^-27' 15^^ 

End,  I   18  50 

Duration,  ^5^35 

Obfervation  of  a  folar  eciipfe,  April  12,   1782, 
Beginning  not  obferved,    the  face  of  the  fun  being 

covered  with  clouds. 
Corred:  app.  time  of  the  end  of  the  eciipfe,    P.  M.  2  52  2t 

Obfervation  of  a  tranfit  of  Mercury  over  the  fun,  November 

12,   1782. 
Firfl;  ext,  contaft  obferved  a  few  feconds  too  late^       10     741- 
Firfl:  internal  ditto,  10   12   36 

Second  internal  ditto^  11   23   31 

Second  external  ditto,  ^  11   28   58' 


Duration  of  the  tranfit. 


I-  21    17 


r-:: 
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VI.      Obfervatiqn   of  the  T^ranjit^  of  Memiry   over  the   Sun, 
*'^ovemb.er  12,   1782,  at   Jpfwich.     By   the  Keverend'M.h" 
NAssEH,  Cutler,  F,  A.  A, 

CORRESPONDING  altitudes  of  the  fun  were  taken  with 
a  fextant,  made  by  Na'irne  and  Blunt,  for  regulating  my 
clock,  before  and  after  the  tranfit,  viz. — On  the  7th  of  Nov. 
were  taken  eight  fet  of  the  upper,  and  nine  fet  of  the  lower 
limb  : — On  the  8th,  twelve  fet  of  the  upper,  and  ten  fet  of 
the  lower  limb  : — On  the  day  of  the  tranfit,  eighteen  fet  of 
the  upper,  and  fourteen  fet  of  the  lower  limb,  taken  at  differ- 
ent intervals  : — ^^On  the  14th,  nine  fet  of  the  upper,  and  eleven 
fet  of  the  lower  limb  : — On  the  15th,  fix  fet  of  the  upper, 
and  eight  of  the  lower  limb  ; — and  on  the  i8th,  feven  fet  of 
the  upper,  and  nine  fet  of  the  lower  limb.  The  equation  of 
declination  was  added  to  each  fet  of  altitudes.  By  the  refult, 
found  my  clock  went  with  great  uniformity,  but  gained  j"  33''' 
m  twenty-four  ho«rs. 

The  day  of  the  tranfit  was  clear  and  pleafant,  with  very  lit- 
tle wind.  My  obfervation  was  made  with  a  refleifting  telcfcope, 
miagnifying  45  times. 

By  an  unfortunate  accident,  I  failed  of  feeing  the  firft  exter- 
nal contad.  At  the  time  of  the  firll  internal  contad:,  the  fun's 
limb  was  exceedingly  well-defined  j  but  at  the  fecond  internal 
and  external  contads,  the  undulation  of  the  limb  was  confider- 

able. 

App.  Timec 

Firfl  internal  contad,  iq'M3' 37"" 

Second   ditto  ditto,  ii    ^4   ^5 

Second  external  ditto,  1 1   3^  ^^ 
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y  IL  A  Memoir^  cGntaining  Obfervationsofa  Solar  EcUfrfc,  OBo^ 
ber2j,  1780,  made  at  ^OftAj  ::  Alfo  of  a  Lunar  Eclipfe^ 
March  29,  1782, — of  a  Solar  Eclipfc,  April  12,  and  of  tk: 
Tranft  of  Mercury  over  the  Suns  Difc,  November  1 2,  the 
fame  Tear,  jnade  at  the  Pref  dent's  Houfe  in  Cambridge,  By 
the  Rev .  Jos eph  Willard,  Frefdent  of  the  Univerfty. 

^ObfervatioiVs  of  a  folar  eclipfe,  0(5lober  27,   1780,  at  Beverly. 

ATTENDED  to  my  clock  for  a  number  of  days  before 
the  eclipfe,  but  more  particularly  on  the  25th,  26th  and 
27th.  On  €ach  of  thofe  days,  the  ftate  of  the  atmofphere  was 
favourable  for  taking  correfponding  altitudes  of  the  fun.  I  took 
.a  number  of  double  altitudes,  both  of  his  upper  and  lower 
limb,  in  the  forenoon  and  afternoon,  with  Hadlefs  odlant,  by 
refledion  from  a  bowl  of  veiy  clear  oil  of  tar,  which  was  of 
■fuch  a  confiftence  as  to  prevent  undulation  from  the  air,  and  in 
which,  the  folar  image  was  extremely  well  defined,  I  noted 
the  times  by  the  clock,  when  the  limbs  of  the  two  images  of 
.the  fun  juft  came  into  contaa:.  The  conjundion  of  the  cen- 
■ters  I  did  not  attempt  to  take,  becaufe  it  cannot  be  determined 
with  a  certainty  equal  to  the  con  tad:  of  the  limbs. 

The  equation  for  the  change  of  the  fun's  declination,  dur-- 
ing  the  half  interval  between  the  forenoon  and  afternoon  obfer-- 
vations,  was  conftantly  applied. 

Obfervations  of  correfponding  double  altitudes  of  the  fun,  Oc- 
tober 25. 

Noon  per  dock 
Foren.  obf.         Aftcrn.  obf.  Intervals.  I  Intervals.  nearly. 

,  f8»'35'    2"       3" 22' 46"       6^47' 44'/       3>^23'C2'/       11^58' 54'' 

Sun's    upper   J  8  39  40        3  ,8     8        6  3 8  ^8         3  19  \^        ,,  58  si 


{ 


limb.         ]8  42     o         31547         63347         s   ^6  S5i       115853I 
^  44  23         3  *3  25         6  29    2         3  14  31         II  58  54 


R.  Sun's 
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Foren.  otf.         Aftern.  obf.  Intervals.  -J  Intervals. 


r  8h5o' 
ower  J  8  55 
).         1  9     o 

I9     2 


Noon  per  clock 
nearly. 


8h5o'46"       3h   7/    5"       6h/6'i9//       3h  8'    9*."      11^58' 55-^^ 
Sun's    lower  J  8  55  32         3     2   16         6     6  44         3     3  22         '^  58  54 


limb.         I  9     o  24  257  30        5  57     6         2  58  33         "  58  57 

48         2  55     8         5  52  20         2  56  10         II  58  58 

Time  of  noon  nearly  by  the  clock,  by  a  mean  of  the  above  eight  obf.     11   58  §^ 
Equation  for  change  of  dedination  in  the -^  interval,  -i-   16^ 

Exadl  time  by  the  clock,  when  O  *s  center  pafied  tlie  naerldian,  1 1  59   1 1 

Hence,  the  clock  too  flow  for  apparent  time  at  noon,  49 

In  like  manner  obfervations  were  made  on  the  26th  and  27th,. 
the  refuit  of  which  it  is  fufficient  to  put  down. 

On  the  26th, 
When  the  fun's  center  pafled  the  meridian,  it  was,, 

by  the  clock,   allowing  for  the  equation,  1 1^  58^  16'' 

Hence,  the  clock  too  flow  for  app.  time  at  noon,  i   45 

On  the  27th, 
When  the  fu2:^'s  center  pafled  the  meridian,  it  was>, 

by  the  dock,  n   ^y   i5' 

Hence,  the  clock  too  flow  for  apparent  time  at  noon^ 

on  the  day  of  the  eclipfe,  2  42 

Lofs  of  the  clock,  refped:ing  apparent  time,  between 

the  noon  of  the  25th  and  26th,.  5.6;. 

Ditto,  26th  and  27th,  ^y 

In  the  morning  of  the  27th,  the  Reverend  Mr.  Cutler^  of 
Ipfwich,  and  the  Reverend  Mr.  Prmce,  o^  Salem ,.  favoured  me. 
with  their  company,  to  obferve  the  eclipfe  with  me.  Mr.  Cut" 
ler  and  I  were  each  furnifhcd  with  a  reiled:ing  telefcope,  mads 
by  Mann,  of  London,  The  magnifying  power  of  Mr.  Cutler  s,. 
ivas  34,  and  that  of  mine,  45  times.  Mr.  Prince's  telefcope 
was  an  achromatic  refractor  of  3  feet.  It's  original- magnifying 
power  was  36-i  ;  but  he  increafed  it  to  43  times,  by  taking  out* 
the  third  glafs  of  the  Aiding- tube,  and  adding  another  eye-glafs 

of 
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of  about  an  inch  focus.     We  determined  the  magnifying  power 
of  our  telefcopes  by  Hawkjhees  method. 

We  fat  down  to  our  telefcopes  about  ten  minutes  before 
eleven  o'clock,  in  a  garden  adjoining  the  room  where  the  clock 
was  fixed,  and  were  fo  fituated,  that  we  could  all  very  difl:in(5tly 
hear  the  perfon  who  counted  the  clock.  Before  we  began  to 
obferve,  we  agreed  that  each  one  ihould  note  his  times  of  ob- 
fervation,  without  fpeaking  to  the  others,  that  all  might  deter- 
mine for  themfelves,  and  no  one  might  be  in  danger  of  being 
difconcerted. 

We  had  a  favourable  time  for  obferving  the  beginning  and  end 
of  the  cclipie.  The  immerfions  and  emerfions  of  a  number 
of  the  folar  fpots  were  attended  to  by  us  3  the  fituations  of 
which,  upon  the  difc,  we  determined  as  near  as  we  could,  a 
little  while  before  we  fat  dov/n  to  our  telefcopes.  They  then 
appeared  to  us  as  in  Plate  II.  Fig.  IL  Mr.  Prince  had  fixed 
parallel  hairs  in  his  refradtor,  dividing  the  fun's  difc  into  four 
equal  par^s,  horizontally.  Thefe  hairs,  together  with  a  verti- 
cal one  in  the  center,  alTifted  us  much  in  fettling  the  places  of 
the  fpots. 

As  we  had  no  micrometer  to  meafure  the  magnitude  of  the 
eclipfe,  we  determined  it  by  Dr.  WalUss  method,  publiihed  in 
Whljlons  Aftronomical  Ledures,  p.  188,  189.  The  eclipfed 
parts  of  the  fun,  marked  at  the  time  of  the  greateft  obfcura- 
tion,  we  afterwards  meafured  upon  a  diagonal  fcale  drawn  for 
the  purpofe,  by  which  we  could  determine  to  the  fiftieth  part 
©f  a  digit. 

At  the  middle  of  the  eclipfe,  and  for  fome  time  before  and 
after  it,  there  was  a  very  great  chilnefs  in  the  air,  and  fo  much 
dew  fell,  that  the  papers  we  ufed  abroad  became  quite  damp. 

R  2  The 
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.    The  following  are  our  obfervations  of  this  eclipfe,  adjuded 
to  apparent  time, 

Mr.  Willard.  Mr.  Cuthr.  Mr.  Pnna. 

Beginning  of  the  eclipfe,  ii'i    lUS''        i\h.   i' ^z'l        uh   i'^^- 

In^mcrfions  of  the  wcflern  edges  of  folar  fpotSo 

No.  I,  of  the  weftern  fpots,                         ii  22   31  11   22  28  n   22  41 

No.  I,  of  the  north-eaftern  fpots,              11  33  3 l  ii   33  23  11   33  25 

No.  3,  of  ditto,                                             II  35  21  II   35  22  II   35  23 

A  large  fpot  near  the  center,                        11  36  56  11   36  54  ii   36  57 

Afouth-eaftemfpotneareflthcvert.  diam.  12    it  34  12   n  37 

Emer(ions  of  the  eallern  edges  of  folar  fpots. 

No.. 2,  of  the  weftern  fpots,.  12  31  ^^  12  31  ^6 

No.  I,  of  the  north-eallern  fpots,  12  53  50  12  SZ^  47  12  54  4 

No.  2,  of  ditto,  12  54  53  12  54  57~  ^2  55  o 

No,  3,  of  ditto,  12  55  36  12  55  36  12  55  41 

No.  4,  of  ditto,  12  56  32  12  s(>  31  12  ^6  38 

The  large  fpot  near  the  center,  12.58     6  12  58     4  12  58  14 

The  end  of  the  eclipfe,  i  41   26  i  41   23  i   41   20. 

The  duration,  .        2  39  38  2  39  41  2  39  43 

By  our  obfervation,  the  greateft  obfcuration  was  at  about 
12^21  V^PP^rc^t  time,  when  the  parts  eclipfed  were  1 1  dig.  24' 

The  clock's  rate  of  going  was  the  fame  for  feveral  days  fol- 
lowing the  27th,  as  it  had  been  for  the  two  days  preceding. 

N.  Be  I .  By  twenty-feven  double  altitudes  of  tlie  fun,  when 
lipon  the  meridian,  taken  with:  a  Jindkys  odant;  very  accu- 
rately conftruded,  I  have  found  the  latitude  of  the  houfe,  where 

the  foregoing  obfervations  were  made,  42°  36'  N. The 

houfe  Hands  facing  the  middle  of  the  training-fieid,  (fo  called) 
in  the  firfc  parilh  in  Bei^erJy. 

N.  B,,2.  By  calculations  from  the  obfervations  of  the  fore- 
going eclipfe  made  at  Beverly y^iVi^  thofe  made  at  Chelfea^  I  find 
the  difference  of  meridians  to  be  45"  in  time  ;  which,  added 
to  26",  the  difference  between  C/6f^^  and  C(??w/T/i/^^,  makes 
1 '  11"  far  the  difference  between  Cambridge  3.nd  Beverly,  The 
difference  between  Beverly  and  Penobfcot,  where  Profelfor  JVil- 

Hams  and  company  made  their  obfervations,  I  iind^  in  the  fame 

way,. 
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way,  to  be  8 '  4",  which  makes  the  difference  between  Cdfh^ 
bridge  and  Penobfcot  9  '  1 5".  The  difference  between  Beverly 
and  Providence y  by  dedud:ions  from  the  obfervations,.  is  2'  18", 
which  gives   i '  7"  between  Cambridge  and  Providence, 

Obfervations  of  a  lunar  ecUpfe,  March  29,   1782,  made  at  the 
Prefident's  houfe  in  Cambridge, 
The  going  of  my  clock  was  afcertained,  for  the  obferving  of 
this  eclipfe,  in  the  fame  manner  as  for  the  foregoing  one  of 
October  27,   1780. 

^Ir.  Caleb  Gannett  obferved  the  eclipfe  with  me.  The  tele- 
f&pe  I  made  ufe  of  was  an  achromatic  refracStor,  with  a  magni- 
fying power  of  90.  Mr.  Gannett  made  ufe  of  a  refied:ing  te- 
lefcope,  of  about  the  fame  magnifying  pov/er.  We  had,  upon 
the  whole,  a  pretty  favourable  time  ;  though  the  earth's  fha- 
dow,  at  the  moon,  did  not  appear  fo  well  defined  as  we  could 
have  wifhed.* 

The  obfervations  follow.. 

Apparent  Time. 

By  Prcf.  IVUlard.  By  Mr.  Gannett. 


Beginning  of  the  eclipie. 

2^14'    7" 

2^14'     0"    A.M. 

Shadov/  touches  Harpalus^ 

22  51 

22    S7 

Tycho, 

27  21 

27     10 

covers      'Tycho, 

29   16 

29     4 

touches   Mare  Crijiimty 

3  28  49 

3  28  10 

leaves       Mare  Crijium, 

4  28  36 

4  28  17 

leaves     Mare'Tranquilitai 

tis,  33  40 

34    7 

End  of  the  eclipfe, 

4  53  50 

4  53  33 

Obiervations 

*  In  obfervations  of  different  lunar  eclipfes,  when  the  ftate  of  the  atmofphcrc, 
as  far  as  the  eye  conld  determine,  has  been  the  fame,   ihc  earth's  fhadow  has  ap- 
*'peared  mueb  better  defined  in  one,  than  in  iuioihci. 
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Obfervatlons  of  a  folar  eclipfe,  April  12,   1782,  made  at  the 

Prefident's  houfe. 

The  going  of  my  clock  was  afcertained  in  the  fame  manner 
as  at  the  time  of  the  lunar  eclipfe,  in  March. 

Mr.  Caleb  Gannett  and  Mr.  William  King  obferved  the  eclipfe 
with  me.  Mr.  Gannett  and  I  had  the  fame  telcfcopes  that  we 
ufed  for  obferving  the  lunar  eclipfe.  Mr.  King  was  furnifhed 
with  a  good  refled:ing  telefcope,  the  magnifying  power  of  which 
was  about  40.  At  the  beginning  of  the  eclipfe  the  clouds  wsise 
troublefome  ;  fo  that  the  entrance  of  the  moon  upon  the  fun^s 
iimb  was  not  {ktn  by  us,  or  by  any  of  the  obfervers  in  Cam^ 
bridge.  But  the  clouds  difperfed  foon  afterwards,  and  the  atmof- 
phere  became  perfedlly  clear  j  fo  that  we  liad  a  very  favourable 
time  for  obferving  the  end  of  the  eclipfe,  which  was. 

Apparent  Time. 

By  Prefident  Willard,  at  2  ^^  5 1 '  4 1  ^'  p-  ^^ 

Mr.  Gannett,  2  51   27 

Mr,  King,  2  51   41 

As  we  were  not  furniflied  with  a  micrometer,  no  other  obfer- 
vatlons, of  any  confequence,  were  made  by  us  upon  this  eclipfe. 
Obfervations  of  the  tranfit  of  Mercury  over  the  fun's  difc,  No- 
vember 12,  1782,  made  at  the  Prefident's  houfe. 
The  going  of  my  clock  was  determined,  for  this  phenome- 
non, as  for  the  eclipfes,  in  the  fpring. 

Mr.  Caleb  Gannett  obferved  with  me.  We  were  furnifhed 
with  the  fame  telefcopes  that  we  made  ufe  of  for  obferving  the 
eclipfes.     Our  obfervations  were  as  follow. 

Apparent  Time, 

ill  ext,  cont.  ift  int.  cont.  ad  int.  cont..  ad  ext  eont. 

f>Y  Vrd.  IV'ilIardy  iQ\i  6' if  lo^iz'^f  iii^2$'    is"  11*129' 32"A.M. 

By  Mr.  Gannett,  10  12  45  11  23  36  11   29  29 

Mean,  10  12  41  11  23  19  11  29  30! 
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—  ro''i2'4i"    — lo*^  6' 27" 
Duration  of  the  tranfit,  Internal  i    lo  38     ext.  i  23     3I 

The  flate  of  the  atmofphere  was  unfavourable,  during  the 
tranfit.  The  Umb  of  the  fun  appeared  ferrated  ;  fo  that  it  was 
difficult  to  determine  the  contacts,  with  that  precifion  which 
could  bs  wiHied. 

At  the  time  of  the  firft  internal  conta«5t,  and  for  fome  mi- 
nutes after,  the  limb  of  5  ,  next  to  the  fun's  eaftern  limb,  had 
an  oval  appearance  -,  and  his  limb,  next  to  the  weftern  limb  of 
the  fun,  put  on  the  fame  appearance,  a  few  minutes  before,  and 
at  the  time  of  the  fecond  internal  contad:. 

For  5f  's  horizontal  parallax.  ■^^, 

^  's  diftance  from  the  earth  67681  :  the  fun's  diftance  from 
the  earth,  98879    ::   the  fun's  horizontal  parallax  8",   ^^  :  ^ 's- 
horizontal  parallax  12",  49.     Therefore,  g 's  horizontal  paral- 
lax from  the  fan  is  3",  94^. 

\ 

Elements  for  calculating  ^  's  parallax  from  the  fun  in  latitude 
and.  longitude,  at  Cmnbridge,  at  the  firfl  external  contad, 
November  1.2,   1782,  at  io'^-6'  27",  A.  M.  apparent  time. 
The  fun's  longitude,*  7^-20°23' 53"5:304 

Mercury's  geocentric  longitude,  7    20   30   12,  078 

Mercuiy's  geocentric  latitude,  north,  34  ^^,  j^^ 

The  fun's  right  afcenfion,  227  ^y     5 

The  right  afcenfion  of  the  mid-heaven,  ^99  33   5^ 

Angle  anfv/ering  to  p?Z  m  Plate  L  Fig.  L      70  26   10 
The  fun's  horary  motion,  231,2 

Mercury's  geo.hor.  mot.  in  long,  in  the  ecliptic  retro.  3   22,  32 

Mercury's 

*  The  elements  of  the  fun  arc  calculated  from  liluycr:,  &rd  thofe  of  Merrury 
from  M.  de  la  Lanck's  tables. 


136  ASTRONOMICAL     and 

Mercury's  geo.  hor,  mot.  from  the  fun  In  theeclipitc,  5 '  5  3",  52 
Mercury's  geo.  hor.  motion  in  latitude  increafing,  51,  96 

The  fun's  femi-diameter,  16   12,  2 

Mercury's  femi-diameter,  5,   i 

Mercury's  horizontal  parallax  from  the  fun,  3,  94 

The  obliquity  of  the  ecliptic,  23^28    12 

The  lat.  of  Cambridge  reduced  to  the  center,     42     837 

Hence, 

The  altitude  of  the  nonagefmial  degree,             44  24  32 

The  longitude  of  the  nonagefimal  degree,     5''^-26  45  44 

Mercury's  parallax  in  latitude  from  the  fun,  2,  80^7 

Mercury's  parallax  in  longitude  from  the  fun,  2,   224 
.   At  the  fecond  external  contad,   at   1 1^''  29 '  30 i^",     A.  M. 
apparent  time  j  by  calculation, 

Mercury's  parallax  in  latitude  from  the  fun,  3,   169 

Mercury's  parallax  in  longitude  from  the  fun,  i,   280 

The  longitude  of  the  nonagefimal  degree,  at  the  time  both 
of  the  firfl  and  fecond  external  conta(5t,  being  lefs  than  the 
longitude  of  Mercury,  the  parallax  in  longitude  is  to  be  added 
to  Mercury's  longitude,  in  each,  to  give  the  vifible  j  and  as 
Mercury's  motion  in  tranfits  is  retrogade,  and  the  parallax  at 
the  time  of  the  fecond  external  contadl:  was  greater  than  at  the 
time  of  the  iirft,  the  length  of  the  vilible  traniit-line  was 
greater  than  the  true,  by  the  difterence  of  the  parallaxes. 

The  true  latitude,  at  each  contatft,  was  dimlnifhed  by  the 
parallax  in  latitude  ;  and  as  the  geocentric  latitude  was  increaf- 
ing, and  the  parallax,  at  the  time  of  the  fecond  external  con  tad:, 
greater  than  at  the  time  of  the  firft,  the  vifible  motion  in  lati- 
tude was  lefs  than  the  true,  by  the  difference  of  the  parallaxes. 
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^  's  parallax  in  longitude  from  b,  ill  ext,  cont.  2 '',224 

Ditto,  2d,  I,  280 

Difference,  o,  944 

§*s  parallax  in  latitude  from  O,      ifl,  2,  807 

Ditto,  2d,  3,   169 

DiAerence,  o,   362 

5'struemot.ono'sdifcin  i^- 23 'ji'^reductotheecl.  8'   9,  376 
Difference  of  parallaxes  in  longitude,  ■+•  o,  944 

Lengthofthevif.tranlit-line  reduced  to  the  ecliptic,    8   10,   320 

=  49o'V32 
$'s  true  motion  in  latitude  in  1^23 '3-^",  i    11,  928 

Difference  of  parallaxes  in  latitude,  —  o,   362 

Vifible  motion  in  latitude,  i    1 1,  •  5(^6 

=  71^566 
For  the  angle  of  Mercury's  vifible  way  with  the  fun  in  the 

ecliptic  ;  the  error  of  the  tables  in  latitude  ;  and  the  time 

of  the  ecliptic  conjunction  of  o's  and  g's  centers,  deduced 

from  the  times  of  the  external  contadts. 

In  Plate  II.  Fig.  III.  let  EDK  reprefent  half  of  the  fan's 
difc  5  the  diameter  EcK  a  portion  oi  the  ecliptic,  or  rather  a 
parallel  to  it  j*  yU  a  parallel  =  490",  32  Mercury's  vifible 
motion  upon  the  fun's,  difc,  reduced  to  the  ecliptic  ;  VM  Mer- 
cury's vifible  motion  in  geocentric  latitude,  during  the  time 
betv/een.  the  two  external  contads  ;  confequently,  M  $  U,  the 
angle  required,,  and  ^  M.  the  vifible  tranfitr-line  j  the  point  o 
the  fun's  center,  at  the  apparent  time  of  tlie  vifible  conjundiicn 
of  centers  3  gN,  perpendicular  to  ?  M,  the  vifible  Icafl  di fiance 
cf  centers  3   oD   perpendicular  to  the  ecliptic,  the  vifible  dif- 

S  tance 

!  "^^^  Jiilance  from  the  ecliptic  being  equal  to  the  fun's  parallax  in  latitud-, . 
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tance  of  centers,  at  the  time  of  the  vifible  ecliptic  conjund:ion ; 
a  o  and  Mo  the  diftance  of  centers,  at  the  time  of  the  ex- 
ternal contads,  =  the  fum  of  the  femi-diameter  of  the  fun  and 
of  Mercury  =  977",  3  ;  Cj!  the  vifible  difference  of  latitude 
of  the  centers,  at  the  time  of  the  firfl:  external  contadl ;  LM 
the  vifible  difference,  at  the  time  of  the  fecond  ;  Co  =  2  F  the 
vifible  difference  of  longitude  of  the  centers,  at  the  time  of  the 
'firll  'y  and  oL  at  the  time  of  the  fecond  external  contad. 
For  M  5  U,  the  angle  of  Mercury's  viiible  way. 

VU  490",  32  :  UM  yi'^y  ^66  ::  Radius  :  Tangent  angle 
M5U  8^  i8'i5'\ 

For  51 M,  the  vifible  tranfit  line. 

SineMjiU  8M8' 15".:  UM  71'',  566  ::  Radius  :  5M 
49^'',  512.  As  ^  o  and  Mo  are  equal,  the  perpendicular  oN 
fbifed:s  5M  j  therefore,  gN  and  NM  are  247",  756  each. 

For  angle  2oN. 

©^  977'',  3  :  Radius  ::   ^N  247",  756  :  Sine  angle  SfoN 
14"  41 '7".     AddangkN0D==M^U  8"  18'  15",  the  fum 
is  =  angle  §oD  =  5!gF  =  Gl^C  =  22°  59'  22";  the  com- 
plement of  which  is  =  angle  9  gC  =  67°  o'  38". 
For  fide  C^  =  Mercury's  viiible  latitude  from  fun,  at  the  firfl 

external  conta(5l. 

Radius  :   o^  977",  3  ::  Sine  angle  ?oC  6y°  o'  38":   C^ 
899",  68  ==  14'  59",   68  i  to  which  add  the  parallax  in  lati- 
tude 2",  807,  and  the  fum  15'  a",  487  is  Mercury's  true  lati- 
tude by  obfervation,  at  the  time  of  the  firfb  external  contad. 
For  fide  Co,  the  vifible  difference  of  longitude  of  the  centers  of 
the  fun  and  Mercury,  at  the  time  of  the  firfl  external  con  tad, 

Radius  :  GS  977,  3  ::  Sine  angle  o^C  22°  59'  22"  :  Co 
r=  ?F  381'',  696  j  from  which  fubtrad  2",  224,  Mercury's 

parallax 
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parallax  in  longitude  from  the  fun,  becaufehis  vifible  longitude 
was  greater  than  the  true,  and  the  remainder,  379",  472,  will 
be  the  true  difference  of  loiii^itude. 

For  the  apparent  time  of  the  true  ecliptic  conjundion,  and. 
Mercury's  true  latitude  by  obfervation. 
Mercury's  ecliptic  horary  motion  upon  G'sdifc353",  5^  -  ^^' 
=  3600'' ::  the  true  difference  of  longitude  379'',  472  :  3864^-", 
the  fpace  of  time  from  the  iirft  external  contad  to  the  ecliptic 
conjundtion,  ==:  i'^-  4'  24^-"  -,  which,  added  to  lo*^-  6'  27", 
gives  1 1'^- 10'  51-^",  for  the  apparent  time  of  the  true  ecliptic 
conjundion. 

In  I  ^4'  24I",  Mercury's  geocentric  latitude  was  encreafed . 
55",  774  ;  which,  added  to  15'  2",   487,  his  latitude  at  the 
firft  external  contad,  makes  15'  58",  261,  for  Mercury's  true 
latitude  by  obfervation,    at  the  time  of  the  true  ecliptic  con^ 
jundion,  by  the  external  contads. 

Dedudions  from  the  internal  contads. 
Let  the   references   be  to   Plate  II.    Fig.   III.  the  lines  o  2 
and  gM  being  fuppofed=  the  difference  of  the  femi- diameters 
of  the  fun  and   Mercury  =  967-',  i;  and,   confequently,  the.: 
tranfit-line  wholly  within  the  fun's  difc, , 

Ij's  parallax  in  longitude  from  o,   iff  int.  cont.  2",  158 

Ditto,  2d,  I,  355 

Difference,  c,  803 

S's  parallax  in  latitude  from  o,      iff,  2,  8 37 

^i"o,  2d;  3,   145 

Difference,  o.,  308 

S  2  si's 
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^'struemot.ono'sdifcini''io'38"reduc.totheecli.  6'  ^6"^  lyi 

Difference  of  parallaxes  in  longitude,  -ho,  803 

Lengthof  the  vif.  tranfit -line  reduced  to  the  ecliptic,  6  56,  974 

=  416,  974 

If 's  true  motion  in  latitude  in  1^- 10'  38 "j  1      i,  168 

Difference  of  parallaxes  in  latitude,  —  308 


Vifible  motion  in  latitude,  1     o,  86 

=  60,  86 
Hence, 

MsU,  the  angle  of  Mercury's  vifible  way  8*  18'  15"  •  — 
5jM,  the  vifible  tranfit-line,  421 ",  392  ; — angle  50N  iz''  25' 
1",  confequently,    ^0D=SfoF=o2C    2.0°  53'  16",  and 
angle  j^oC  69°  6'  44"  ;^-fide  C-g,  Mercury's  vifible  latitude 
from  the  fun,  at  the  time  of  the  firft  internal   contact,  903'% 
t;43  =  i^'  3",  543;  Avhich,  added  to  the  parallax  in  latitude 
from  the  fun,   2",  837,  gives  15'  6",  38,  for  Mercury's  true 
latitude  by  obfervation,  at  the  time  of  the  firfl  internal  contad:  ; 
— the  fide  Co,   the  vifible  difference  of  longitude  of  the  cen- 
ters of  the  fun  and  Mercury,  344".,  8093  which,  leffened  by  the 
parallax  in  longitude  from  the  fun,  2",  158  gives  342",  651  for 
the  true  difference  of  longitude  ^  which,  converted  into  time, 
gives  ^S'  9t".      ThijS  added  to  lo^-  12 '41",  A.  M.  gives  i  !*»• 
10'  50t",  for  the  apparent  time  of  the  true  ecliptic  conjunc- 
tion. 

•In  .58'  97",  Mercury's  geocentric  latitude  was  increafed  50'^ 
365  i  which,  added  to  15'  6",  38,  his  latitude  at  the  iirfl  in- 
ternal conta(5l,  gives  15'  56",  745,  for  Mercury's  true  latitude 
by  obfervation,  at  the  time  of  the  true  ecliptic  conjundion^ 
by  the  internal  contads. 

The 
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Tiie  apparent  time  of  the  ti-ue  ecliptic  conjundion,  by  the  ex- 
ternal con  tads,  being  1 1^-  1 0'5'i-i'',  and  by  the  internal  ones  1 1  *'• 
10' 50 1'', -let  us  call  the  time  ii'^-  10'  51'',  when  Mercury's 
latitude,  by  the  former,  muft  have  been  15'  58",  ^^jy  and  by 
the  latter,  15'  56",  752,  the  mean  of  which,  15'  c,j\  504, 
may  be  called  Mercury's  true  latitude  by  obfervation,  at  the 
time  of  the  ecliptic  conjundion.  By  M.  de  la  Landes  tables 
it  was  15'  53",  524;  -fo  that  the  error  in  the  tables,  by  this 
mean,  is — 5'',  98. 

For  Mercury's  heliocentric  latitude,   according  to  the  obferved 

geocentric  latitude. 

Mercury's  dlftance  from  the  furi,  31 198:  Mercury's  diflance 

from  the  earth  67681  ::  Mercury's  geocentric  latitude  at  the 

ecliptic  conjundion,  by  obfervation,  15^57'^  '^04^=  957'/, 504: 

Mercury's  heliocent.  lat.  by  obfervation,  2077",  2  =  34'  37",  2. 

For  the  place  of  the  afcending  node  by  obfervation. 

Let  aE,  in  Plate  IL  Fig.  IV.  be  a  portion  of  the  ecliptic  .; 
the  point  a  the  place  of  5  's  afcending  node  ^  a  §?  a  portion  of 
2  's  heUocentric  orbit  ;  the  point  at  jf  his  heliocentric  place  in 
his  orbit,  at  the  time  of  the  ecliptic  conjundion,  and  E  his" 
place  reduced  to  the  ecliptic  ;  E  5  his  heliocentric  latitude  ^ 
the  angle  Ea  5  the  inchnation  of  his  orbit,  by  modern  AUro- 
nom.ers  generally  determined  to  be  7*^0'  o".  In  the  right-an~ 
gled  fpheric  triangle  Ea  5,  right-angled  at  E,  there  are  given 
the  angle  E a  5,  and  the  perpendicular  or  fide  E5,  to  £nd  the 
bafe  or  fide  aE, 

Radius, 

:    Tang.  E  peril's  heliocentric  lat.         34' 37",  2  8  0030458 
::  Tang.  Co-inclination  ^'s  orbit,     83**  o     o      10  9108562 

:SinebafeaEorsi'sdifl,fromafc.node,4  42  16        8  9139020 

As 
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As  Mercury's  heliocentric  motion  was  in  the  order  of  the 
fines,  and  he  had  pafled  the  node,  fubtradl  this  diftance  from 
his  heUocentric  longitude,  and  the  remainder  will  be  the  point 
St  of  the  ecliptic,  or  place  of  Mercury's  afcending  node. 

Mercury's  heliocentric  longitudes  i ^-20* 26 '  36'^ 

Subtra<5l  5 's  diftance  from  a,  4  42   16 

Place  of  s's  afcending  node  by  obfervation,         i    15  44  20 
Ditto  by  M.  de  la  L^«i/e''j- tables;,  i    15  45  54, 
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VIII.  Obfervations  of  a  Solar  Eclipfiy  06iober  27,  1780, 
77iade  at^  t .  John' s  IJland,  by  Mejprs .Clarke  and  Wright. 
In  a  Letter  from  Mr.  Joseph  Peters  to  Caleb  Gan- 
NET,  A.  M.  Rec.  Sec.  Amcr.  Acad. 

Half  ax,  (Nova-Scotia  J  i^\h  Auguft  ijZi , 
S  I  R, 

SOME  time  in  the  beginning  of  this  fummer,  Mr.  Winflow 
flievved  me  a  paragraph  of  a  letter  from  you,  requefling 
him,  if  he  could,  to  obtain  the  minutes  of  fome  obfervations 
of  the  eclipfe  of  the  fun,  which  happened  the  27th  of  October, 
1780.  I  am  fo  unfortunate  as  not  to  have  any  kind  of  appa- 
ratus for  obfervations  of  that  fort  j  nor  is  there,  that  I  know 
of,  in  this  place,  any  thing  of  the  kind, — thefe  things,  how- 
ever ufeful,  as  well  as  pleafnig,  being  very  little  attended  to  in 
this  place. 

Since  the  faid  application  from  Mr.  Winjlow,  I  have  received 
from  my  friend,  Dodlor  fohn  Clarke ,  who  was  educated  in  your 
College,  fome  minutes  of  an  obfervation  of  the  fore-mentioned 
eclipfe,  made  by  himfelf  and  a  Mr.  Wright,  at  Charlotte^town, 
on  the  ifland  of  St.  John,  in  the  gulph  of  St.  Laurence.  I 
take  the  liberty  to  inclofe  you  a  copy  of  them. 

Dr.  Clarke  fays,  that  the  obfervation  was  made  with  a  refled;- 
ing  telefcope,  two  feet  long,  and  compleatly  fitted  for  the  pur- 
pofe.  A  clock  was  regulated  with  great  accuracy,  by  means 
of  double  altitudes  of  the  fun,  taken  on  feveral  days  before  and 
on  the  day  of  the  eclipfe.  The  obfervers  were  deficient  only 
m  a  micrometer  to  m.eafur^  the  quantity.  They  ertimated  it  at 
II  digits, 

Cbarlotte-townf 
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Cbarlotte^towHy   by  obfervations  of  Mr.  Wright,  is  in  lati- 
tude 46®  13'  north,  and  62°  50'  weft  longitude  from  Lo7idon, 

This  obfervation  agrees  well  with  the  beft  judgment  I  could 
frame  of  this  eclipfe,  at  Halifax,  by  a  good  watch,  regulated 
by  the  beft  time  pieces  here,  to  as  great  exai^tnefs  as  was  in  my 
power  ;  except  the  quantit)^  which  muft  be  fomething  greater 
here,  than  at  the  ifland.  I  projected  this  eclipfe  to  be  11  dig. 
30'  here,  and  by  the  beft  obfervations  1  could  make,  that  was- 
very  nearly  its  real  quantity. 

I  am  allured  by  Mr.  Fool,  '^'^  Tarrdouth-yeboiige-Iiarbour, 
on  the  weftern  coaft  of  this  province,  that  the  eclipfe  there  wa^  - 
total  for  a  momentary  fpace. 

This,  Sir,  is  the  beft  account  I  am  able  to  give  concerning 
the  phafes  of  this  eclipfe  in  thcie  parts  ;  which,  if  it  prove 
ufcfal  in  fcience,  or  iatisfadory  to  you,  I  fliall  think  myfelf 
happy  in  having  the  opportunity  of  communicating  it. 

The  towa  of  Halifax,  from  obfervations  of  Mr.  Dcfiarres, 
is  in  44"  44'  north  latitude,  and  61^°  30''  30"  weft  longitude, 
from  hojidon, 

I  am^  Sir,  your  moft  obedient 
And  very  humble  fervar^t, 

JOSEPH    PETERS  = 
To  Mr,  Caleb  Ga?2nett. 

The  following  are  the  obfervations  made  by  MelT'rs.  Clarke- 
and  Wright : 

App.  Time. 

Beginning  of  the  eclipfe,  1 1^-41 '  35"  ^^-M:* 

^'sfouthernlimbatlettav.^;PlateIL  Fig.  V,    11    56  30 
Ditto  in  contact  with  b,  12  59     2 ^ 
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App.  time. 

>*s  weflern  limb  quitted  d,  1^-28'  38"  A.M. 

Ditto  quitted  ^,  ^   35   ^3 

End  of  the  eclipfe,  2   17  41 

Duration,  2  36     6 

They  mifled  the  contains  with  c  by  altering  the  pofitioj^ 
of  the  telefcope* 


4*  )^!  .^i  M  'M. 
'M  '^  '^  '^'^ 
"M'i^.":^."^ 
:^  ^  'fA 
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IX,  Obfervations  of  a  Solar  Eclipfe,  OBober  27,  1780,  made 
at  the  JJnherfity  in  Cambridge.  Communicated  by  Caleb 
Gannett,  A.  M.  Rec.  Sec,  Amer,  Acad, 

ON  feveral  days  previous  to  the  eclipfe,  I  carefully  took 
correfponding  altitudes  of  the  fun,  with  an  excellent 
Hadleys  quadrant.  The  agreement  between  the  obfervations 
was  fuch,  that  thofe  taken  on  the  two  immediately  preceding 
days,    exprefs  the  refult  of  the  \yhole.     They  were  as  follow  ; 

Oa.  25,  A.  M.       P.  M. 

8^59' 19"  2h5o'    i"  Hence,  at  app.  noon  the  clock  was   iih54'4o'''' 

8  56     I  2  53   II  Interval                                             5  57  4^ 

8  52   lo  2  57   18  i  ditto                                              2  s^  S^ 

— — — —  ■  Equation  of  4- intervals                 +         16 

Sum,26  47  30  8  40  30 

Mean,8  $$  5°         2  53  30 


J I  54  56 
Clock  flow  of  fun,  5     4 


oa.  26,  A.  M.  p.  M. 

8  48     I  3     I    18  Hence,  at  app  noon  the  clock -was  11   54  3^ 

8  52   II  2  57     I           Interval  5  5^^  3*^* 

8  56  47  2  52  23           J  diuo,  2  58     418 

9  058  2  48  11           Equation  of  |  interval-  ►f         16 


9     4  42  2  .^4  29 


XI  54  52 


j>am,44  42  39       14  23  22  ' 

._ Clock  flow  of  fun,  ^     8 

Mean,8  56  31  48'"  2  52  40  24''''' 

On  the  27th,  obfervations  were  taken  in  the  morning  ;  but 
the  atmofphere  was  fo  loaded  with  vapour,  as  to  prevent  the 
taking  of  any,  with  accuracy,  jn  the  afternoon. 

From  the  above  obfervations  it  appears,  that  betv/cen  the 
25  th  and  26  th  of  Odober,  the  clock  gained  on  mean  time  2'^ 
Hence,  on  the  27th,  at  apparent  noon,  the  clock  was  flow  of 
the  fun  5'  11".  Two  common  brafs  reflecting  telefcopes  were 
ufed  upon  the  occafion^  each  magnifying  about  60  times ;  alfo, 

an 
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an  achromatic,  made  by  Doilandy  it's  magnifying  power  90.  The 
Reverend  ProfelTor  Wiggle/worth  and  Mr.  John  Mellen,  ufed 
two  of  the  telefcopes.  Mr.  Melkn  obferved  with  the  achro- 
matic. 

The  obfervers  were  fo  unfortunate  as  not  to  perceive  the  be- 
ginning of  the  echpfe.  They  fuppofed  the  Ihadow  would  have 
entered  the  fun's  difc  more  weilerly  than  it  did. — They  there- 
fore attended  to  a  different  part  of  the  fun's  limb.  To  prevent 
a  fimilar  error  in  future,  it  might  be  well,  previoufly,  to  deter- 
mine the  point  at  which  an  eclipfe  will  commence.  This  may 
be  done  by  calculating  the  angle,  which  the  ecliptic  will  make 
with  a  vertical  circle  pafling  through  the  centre  of  the  fun,  at 
the  time  the  eclipfe  begins. 

The  obfervations  were  as  follow,  viz. 

Obfervers,  IVigsk^-worth.         GM:>,eif.  Melhn.  Mean  of  obf. 

Apparent  Time. 

Firflcontaft  of  N.  W.  fpots,!    h.  '      -"  h.    '      "  h.    '      "  h.     '  " 

Plate  II.  Fig.   VI.  J112057  II   21      C5  ,'121     o 

Total  obfcuration  of  ditto,  1 1   25   1 5  1 1   2  c   '6  11   2-  2-* 

FirftconUofN.E.rpote,No.  I,  n   31   36  n   31   53  11   31   38  ii   31  42I 

2»  li   33     4  II   33     4 

lotal  obfcuration  of            4,  ri  34  52  "  34  58  11   34  SS 

Firft  cont.  of  central  fpot,  11    35   26        li  35   30  11  35  30  ii   ^^  28^ 

lotal  obfcuration  of  ditto,  11   36   19        ii  36     4  ii  36  14  ii   36   12! 

Firftcont.  ofS.E  fpot,  12  13  47  12  13  47  12   13  47 

Total  obfcuration  of  ditto,  12  14     3  12  14  4  12   14     3-^ 

Total emerfion of N.W.fpots,  12  29  28  i,  29  28 

Firaapp.ofN.E.fpots,No.i,  12  52  ^6       12  52  33  12  52  31  12  52  ^6\ 

2,  12  53  27  12  SS  27^ 

rj,  .'i            r          r                    3'  ^2  54      9  12   54      9 

Total  emerfion  of               4,  12  S5  23  12  56    4       12  55  43' 

Firft  app.  of  central  fpor,  12  56   1 1  12  56   ii 

Total  enierfion  of  «^itto,  12  56  47        12  56  45  12  56  46 

F.rft  app.  of  S.  E,  fpot,  x  33  5^  i  33  47         i  ^3  49 

Total  emerfion  of  ditto,  1   34     i          i   34  5  ^^  ^^          ,  H  ^| 

End  of  the  eclipfe,  j   39  51          ,   35  47  ,   39  ^^          i  39  49^ 

i^igits  eclipfed,  about  1 1 1.  3?  t^a 

The  obfervers  not  being  poiTeffed  of  a  micrometer,  Mr, 
Wigglefmorth  made  ^fe  of  the  following  expedient  to  determine 

T2  the 
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the  quantity  of  the  ecHpfe. — He  defcribed  on  paper  a  number 
of  circles,  dividing  a  common  diameter  into  digits.  The  pa- 
per was  placed  perpendicular  to  a  telefcope,  through  which  the 
fun's  rays  were  received  upon  it.  Accuracy  is  not  pretended 
in  this  method.  The  quantity  noted,  is  the  neareft  that  could 
be  eftimated  by  it. 

Through  want  of  crofs  wires  in  either  of  the  telefcopes  ufed, 
the  precife  fituation  of  the  fpots,  on  the  fun's  difc,  could  not 
be  determined.  In  the  figure,  their  relative  fituation  is  mark- 
edj  according  to  judgment  at  the  time. 


Pf!.    "^    .^.    '^    ^, 
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X.     An   Ohfervatlon  of  a  Solar  Eclipfe,    OBober  27,   1780, 
^^  Providence.    ;Bjk  J<^seph 'BlibwN,  Ey^£//r^. 

MY  apparatus  for  the  obfervation  of  the  folar  eclipfe  wais 
a  three-feet  refle(5ting  telefcope,  with  fpirit  levels  -,  a 
fmall  graduated  femi-circle  of  about  41  inches  radius,  and  rack 
motions  for  taking  altitudes  ;  and  a  glafs  mictfemeter,  fitted 
with  rack  motions,  I  believe  of  Doliand's  conflrudtion,  having 
a  nonius  graduated  to  — ^-o-  P^r^  ^f  an  inch  :  A  reflecting  tele- 
fcope of  near  two  feet  ;  and  a  profpe6t-glafs  of  three  feet  four 
inches  length,  which  I  mounted  on  a  convenient  /land. 

On  the  2Cth,  I  moved  my  clock,  into  a  convenient    part  of 
my  houfe  -,  and  from  that  time  to  the  day  of  the  eclipfe,  I  was 
conflantly  employed  in  taking  correfponding  altitudes  of  the 
iiun  with  my  telefcope,  and  conilrufling  a  meridian-line. 

Our  obfervations  of  the  eclipfe  were  as  follow  : 

The  beginning  was  not  accurately  noted„ 

Fir  ft  feen  in  corre<ft  time,  10^^58^    8'' 

Juft  touches  a  black  fpot  in  or  near  the  middle  of 

a  macula  at  the  right  hand,  1 1   21    32 

Juft  touches  the  firft  of  four  fpots  all  nearly  in  a 

range  in  a  macula  at  the  left  hand,  11   30  52 

Ditto  the  fpot  neareft  the  centre  of  the  fun'e  difc,     11    35   20 
The  end   of  the  eclipfe  as  ^Qtn  by  Mr.  Weft  in 

the  fmall  telefcope,  i   39     ^ 

Ditto  by  my  brother  in  the  fpy-glafs,  139     S 

Ditto  laft  fecnby  myfelf  in  the  largeft  refleaor,        i   ^g  16 

I 
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I  took  the  diameter  of  the  fun  while  the  eclipfe  was  on,  and 
made  it  three  inches  and  444  ;  which,  by  my  table,  conftrud:- 
ed  in  the  year  1769,  previous  to  the  tranfit  of  Venus,  makes 
the  fun's  apparent  diameter  32'  18"  :  And  the  fmallefl  I  faw 
the  bright  part  of  the  fun  was  1-*-°-  of  an  inch  :  So  fmall  I  am 
certain  it  was,  and  it  might  probably  be  a  very  little  lefs,.  tho' 
I  believe  this  to  be  pretty  exad  ;  and  this,  I  think,  makes  the: 
fun  to  be  n  digits  and  ^  eclipfed,   or  very  nearly  fo. 
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XI.  Obfefvations  of  the  Solar  Eclipfe  of  the  ijth  of  Odtobei\ 
1780,  ??mde  at  Newport,  Rhode«Illand,  by  Monf.  de  Gran- 
chain.  T^ranfatedfrom  the  French,  and  communicated  by 
the  Reverend  Freftdent  Will  ard. 

Times  per  Clock,        TfUC  Times. 


X     tl 


THE  inftant  when  it  was  perceived  h.    "^  "  h. 

that  the  eclipfe  had  began,*  9    24  32  11     012 

Preceding  limb  of  the  fun  at  the  vertical,  11   21  39  o  57  27 

Upper  limb  of  the  fun  at  the  horizontal,  2 1  54  57  4^ 

Upper  horn  at  the  horizontal,  22  3  S7  S^ 

Limb  of  the  moon  at  the  vertical,  22  45  58   33 

Upper  horn  at  the  vertical,  23  7  S^  SS 

Lower  horn  at  the  vertical,  doubtful,  23  35  59  23 

Lower  horn  at  the  horizontal,  29  31  i      5  20 

Lower  limb  of  the  fun  at  the  horizontal,       312  ^  5  ^ 

Precedinglimbof  the  fun  at  the  vertical,    11  37  12        I    13  I 

Upper  limb  of  the  fun  at  the  horizontal,  37  59  13  4B 

Upper  horn  at  the  horizontal,  3^  32  14  2 c 

Limb  of  the  moon  at  the  vertical,  paiTed, 

Upper  horn  at  the  vertical,  3  8  57  14  46 

Lower  horn  at  the  vertical,  39  19  ^5  S 

Lower  horn  at  the  horizontal,  43  38  19  28 

Lower  limb  of  the  fun  at  the  horizontal,  45  27  21  17 

N.  B.      The   apparent  upper  and  lower  limb  of  the  planet,  in  the  telefcope  of 
the  quadrant,  which  inverts  objc(5^s,  is  here  called  the  upper  and  lower  limb. 

Preccdin?^ 

when  It  was  perceived  that  an  impreffion  was  made  upon  the  limb  of  the  fun, 
.^^chpfe  had  been  begun  i'  33"  j  therefore,  the  true  beginning  was  at  10 '  j  8'  52", 
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Preceding  limb  of  the  fun  at  the  vertical,  11^47'  8"  i^22'5S^' 

Upper  limb  of  the  fun  at  the  horizontal,       48   17  24     7 

Limb  of  the  moon  at  the  vertical,                49     o  24  50 

Upper  horn  at  the  vertical,                            49     5  2455 

Upper  horn  at  the  horizontal,                        49     7  24  57 

Lower  horn  at  the  vertical,.                            49  21  25   n 

Lower  horn  at  the  horizontal,,                      5^  S^  28  42^: 

Lower  limb  of  the  fun  at  the  horizontal,     55     2  30  5^ 

End  of  the  eclipftv                                    o     4  50.  i   40  41 

Latitude  of  the  obierv-atury  upon  Goat-Jjlandy  41  ''SO  30 

Obfervations  of  the  lunar  eclipfe  of  the  i  rth  of  Nov.    \j%o^ 

msA^^Lt  Newport^    ( Rhode -IJl and.)     By   Monf.  de  Gran- 
chain^ 

Times  per  Clotk.  True  Times. 

Beginning  of  the  eclipfe,            "               7^40'    ^^  10^24' 39''' 

Beginning  of  the  immerfion  of  Gr/wtfM/.r,    48   5a  33   25^ 

End  of  the  immerfion  of  Gr/w^A/z/x,,           51    25  36   10 

Beginning  of  the  immerfioii  of  73'f/6^,      8     o  36  10  45   i>^ 

■  The  ihadow  of  Galileo,                                    3  42.  48   1 8 

Beginning  of  the  immerf.  of  Copernicus,       27  54  111231 

End  of  the  immerfion  of  Copernicus,            32   35  17   12 

The  (hadow  at  the  middle  of  Bio7iyfius^      46  ^^^  31   n 

^\i^^^^<ysN  2xFromo7itorium  aciitiim^          55  4^  '     4022 

Copernicus  begins  to  emerge,                     9  17  54  ^2  •,  2  34 

Grimaldiis  begins  to  emerge,                          22     2  ^       6  ^z 

Copernictis  vfh.o\\y  tm^vgts,                          ^3  35  ^   15 

Grimaldiis  wholly  emerges,                            26  45  1 1  .2.6 

Fromontorium  scutum  emer .  from  the  fhad .    5 1    1 2  35  55 

IT^'ri'i?  wholly  emerges  &omtbeihadow,  10  10     6  S^  S'^ 

End  of  the  eclipfe,,                                    32  -^^  *   i^  57 

The 
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, .  The  fame  clock  and  quadrant  were  made  ufe  of  in  this  ob- 
servation, wliich  had  been  ufed  for  the  obfervation  of  the  folar 
cclipfe.  The  going  of  the  clock  was,  however,  a  little  dif- 
ferent, becaufe  it  had  been  altered. 

ILLUSTRATIONS    OF   THE    OBSERVATION  OF    THE    SOLAR 

ECLIPSE. 

The  clock  which  was  made  ufe  of  to  obtain  the  times,  had 
a  compound  pendulum-rod,  made  by  Monf.  Berthoud,  a  cele- 
brated clock-maker  at  Paris,  It  was  regulated  many  days  be- 
fore and  after  the  obfervation,  by  correfponding  altitudes,  taken 
with  a  quadrant  made  by  Rafnfden,  which  was  very  good  and 
very  well  divided. 

The  fame  quadrant  was  ufed  in  obferving  the  tranfits  of  the 
horns,  and  of  the  limbs  of  the  fun  and  of  the  moon,  acrofs 
the  horizontal  and  vertical  wires  of  the  telefcope,  which  was 
fitted  for  this  purpofe.. 

The  obferver,  who,  in  putting  on  board  the  aflronomical 
inflruments,  had  nothing  in  view  but  the  regulation  of  marine 
watches,  was  not  fo  well  provided  with  telefcopes,  as  with 
time-pieces  and  quadrants.  To  obferve  the  beginning  and  end 
of  the  eclipfe,  he  was  obliged  to  make  ufe  of  a  fimple  achro- 
matic fea-glafs,  of  three  and  an  half  feet  focus.  However, 
he  believes  he  may  anfwer  for  the  end  of  the  eclipfe,  within 
four  or  five  feconds  nearly.  The  inftant  of  the  beginning  is 
much  more  uncertain.  A  confiderable  impreffion  was  made 
upon  the  fun,  before  it  was  perceived.  To  determine,  at  leafV, 
roughly,  the  true  inflant  of  the  beginning  of  the  eclipfe,  an  eiti-- 
mation  was  made,  as  near  as  might  be,  of  the  diftance  of  the 
horns,  at  the  moment  when  it  was  perceived  that  an  impreffion 

XJ  was 
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v/as  made  upon  the  difc  of  the  fun  ;  and  towards  the  end  of 
the  ecUpfe,  it  was  obferved  how  much  time  pafTed  from  the  in- 
fant v/hen  the  diftance  of  the  horns  was  fenfibly  the  fame,  to 
the  end  of  the  ecHpfe.  It  is  in  this  manner  that  it  was  .deter- 
mined, that  about  i '  20"  muft  have  intervened,  between  the 
true  inftant  of  the  beginning  of  the  ecHpfe,  and  the  time  when 
the  impreffion  was  iirft  obferved. 

At  firft  it  was  thought  ufelefs  to  endeavour  to  obferve  the 
quantity  of  the  eclipfe  with  the  quadrant,  becaufe  of  the  flow- 
nefs  of  the  motion  of  the  two  planets  vertically  -,  however, 
upon  refledion,  it  was  thought  that  the  tranfits  of  the  horns^ 
and  of  the  limbs  of  the  fun  and  moon  acrofs  the  vertical  wire 
only,  woiild  be  fufficient  to  give  the  differences  of  the  altitudes 
and  azimuths  of  the  centers  of  the  two  planets,  and,  confe-r 
quently,  their  differences  of  latitude  and  longitude.  Thefe 
were,  therefore,  obferved  towards  the  end  of  the  eclipfe,  and 
at  the  fame  time,  the  tranfits  acrois  the  horizontal  wire  were 
obferved,  but  without  hoping  that  they  could  be  of  any  great 
advantage,    for  calculating  the  diflance  of  the  centers. 

In  the  firft  obfervation,  the  tranfit  of  the  apparent  lower 
horn  acrofs  the  horizontal  wire  is  a  little  doubtful  :  It  may 
therefore  be  proper  to  perfer,  in  the  calcule  from  this  obferva^ 
tion,  the  tranfit  of  the  limb  of  the  moon,  and  of  the  apparent 
upper  horn,  acrofs  the  fame  vertical  wire. 

In  the  fecond  obfervation,  -the  infbnt  of  the  tranfit  of  the 
limb  of  the  moon  acrofs  -the  vertical  wire  was  omutt^d,  through 
hurry  : — ^Tocalculat-e  it, -therefore,  we- may  make  ufe  of  the 
tranfit  of  the  horn  acrofs  the  fame  wire. 

The  lafl  obfervation,  being  more  complete,  we  may  calcu- 
^4ate  it  by  the  one  or  the  other   method,  indifferently  5  or  we 

may 
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may  make  ufe  of  the  tranfits  acrofs  the  horizontal  wire,  to  de- 
duce the  difference  of  altitude,  becaufe  the  motion  of  the  two 
planets,  vertically,  was  become  lefs  flow,  when  this  obferva-* 
tian  was  made. 

If  we  would,  in  the  firft  obfervation,  verify  the  inftant  of 
the  traniit  of  the  apparent  lower  horn  acrofs  the  vertical  wire, 
or  know,  in  the  fecond  obfervation,  the  inftant  of  the  tranfit 
of  the  limb  of  the  moon  acrofs  the  fame  wire,  we  may  eaiily 
calculate  them,  with  the  aififtance  of  the  quantities  already 
known.  It  will,  perhaps,  be  ufeful  to  make  this  calculation, 
that  we  may  be  in  a  condition  of  determining  the  variation, 
which  muft  have  taken  place,  in  the  pofition  of  the  two  pla- 
nets, obferved  relatively  the  one  to  the  other,  during  the  fpace 
of  time  which  intervened,  between  their  trajnlits  acrofs  the 
fame  wire. 
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,X1I.  ^«  Account  of  the  Obfervations  7nade  in  Providence,  in 
the  State  of  Rhode-Iiland,  of  theEcIipfe  of  the  Sun,  which  hap^ 
fened  the  z^dDay  of  April,  1781.  By  Benjamin  West, 
Efquire,  F.  A.  A.     Communicated  by  the  Reverend  Prefdent 

WiLLARD. 

HAVE  thought  proper  to  draw  up  a  particular  account  of 
this  eclipfe,  as  well  knowing  that  proper  obfervations  of 
eclipfes  make  an  important  article  in  the  theory  of  aftronomy. 
It  was  by  thefe  kind  of  obfervations  the  lunar  theory  was  bro't 
to  it's  prefent  degree  of  perfedion  :  And  every  Aftronomer 
knows  of  what  confequence  it  is  to  navigation,  to  have  the 
moon's  motion  fettled  to  a, certain  degree  of  accuracy. 

This  eclipfe  was  obfcrved  in  Providencehy  Mr.Jofeph Brown 

and  myfelf,  at  Mr.  Browns  houfe.     The  morning  of  the  23d 

of  April  was  cloudy,  and  I  defpaired  of  feeing  the  fun  that 

day  J  but  a  little  before  twelve  o'clock,  the   clouds  feemed  to 

break,  and  the  fun,  now  and  then,  made  it's  appearance,  which 

gave  me  fome  hopes   of  feeing  fome  part  of  the  eclipfe  :  But 

after  twelve  o'clock  the  fun  was  again  obfcurcd  by  the  clouds, 

and  remained  fo  till  five  or  fix  minutes  after  the  firjfl  contad:  of 

the  fun's  and  moon's  limb,  when  v/e  had  again  a  flight. view  of 

the  fun  through  the  clouds,-  and  faw  the  eclipfe  was  coming 

on.     The  air  continued  unfavourable  to   our   obfervation  till  a 

few  minutes  before  the   middle  of  the   eclipfe,  when  the  fun 

again  appeared,  and  gave  us  a  good  opportunity  of  obferving 

the  quantity  of  the  eclipfe  when  at  the  greatefl  ; — ^for  which 

purpofe,   Mr.  Brown  applied  the  micrometer,  and  found  the 

iucid  part  of  the  fun^  when  in  its  leafl  ftate^  1288  microme- 

XQt 
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:tef  meafure.     This  was  not  done  at  a  fingle  operation,  but  by 
a  number  of  trials,  till  he  found  the  bright  part  of  the  fun  was 
in  it's  leaft  flate.     After  reading  off  the  numbers  from  the  mi- 
crometer for  the  quantity  of  the  eclipfe,  Mr.  Brown  immedi- 
ately,  at  my  requeft,  took  the  length  of  the  chord  joining  the 
.cufps,  which  I  believe  was  done  with  great  care,  and  found  it 
1380.     The  micrometer  meafures  for  the  fun's  diameter  was 
1906.     Then  1906  —  1288  =  618,  the  eclipfed  part,    and 
V^6'  —  3°  53'  digits  for  the  greateft  quantity  of  the  eclipfe. 
From  the  table  which  we  made  for  the  micrometer  in  the  year 
1769,  the  mn's  apparent  diameter  was  31 '53",  exadly  agree- 
ing with  what  Mayers  tables  make  it.     I  found  the  apparent 
diameter  of  the  moon  by  the  following  method  : — Let  GFJ 
be  the  fun,  and  HEB  the  moon,  and  EF  the  chord  joining  the 
fun's    cufps.     Now,    as    BG   is  a  ftraight  line,  bifecfling  the 
ftraight  EF  at  right-angles,  it  muft  therefore  pafs  through  the 
-centers  both  of  the  fun  and  moon,     f Euclid  i.   111.)     The 
angle  ADE  is  a  right-angle,  and  AE  and  ED  are  given  quan- 

, jities.     Then  v^ AE '— -  DE*  =  AD.     (Per  Euclid  47.  L) 

AE  =  953 
DE==690 

Sum  =  1643         3.2156376 
'Difference  =    263         2,4199557 

2)5-6355933 

AD=    657,2     2,8177966 
AG=    953 

DG  =  1610,2 
GH=i288 

HD—    322,3  T^c 
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The  angle  BEH,  in  a  femi-circle,  is  a  right-angle,  fEuc.^i- 

III.)  and  HD,  DE,  DB,  are  three  proportionals,  fEuc,^.  VL) 

that  is  to  fay,  HD  :  DE  ::  ED  :  DB. 

DE=    6.90        2.8388491 

X  2 


5.  6776982: 
HD         322,3     2  5082603 

BD=  1477,2     3   1694379 

HB=  1299,5  ^^^   micrometer  meafure  for  the" 
moon's  diameter.    It  is  a  thing  well  known  to  mathematicians, 
that  the  fines  of  fmall  arcs  are  nearly  equal  to  the  arcs  thcm- 
felves  I  hence   we  have  a   rule  to  find  the  moon's  apparent  di- 
ameter by  proportions. 

©'s  micrometer  meafure  1906,  Log.     3   2801 

It's  A,  31'53'V  LL  7517 

3)'s  micrometer  meafure  1799,5  6°  ar.  6  7449 

D's  apparent  diameter,    30'  6^',  LL.         77^7' 

Deduct  —  23  for  the  moon's  elevation. 

>'s  horizontal  diam.       29  43,  but  one  fecond  more  than  what 
is  given  from  Mayer  s  tables. 

Mr.  Brown  and  myfelf  both  noted  the  fame  fecond  for  the 
laft  contad,  which  was  at  2^53'  36"  apparent  tinie.  There 
were  fome  thin  white  clouds  about  the  fun,  yet  I  think  the 
©bfervation  was  pretty  good. 
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"^III.  Account  of  the  I'ranfit  of  Mercury y  obferved  at  Cam- 
bridge, November  12,  1782.  By  James  Winthrop, 
jEfquire,  F.  A.  A. 

TH  E  following  obfervations  were  made  at  the  houfe  of 
the  Reverend  ProfefTor  Williams,     We  ufed  the  fame 
xlock,  but  obferved  the  tranfit  from  different  parts  of  the  houfe. 
The  clock  was  regulated  by  the  ProfelTor,  who  reduced  all  the 
-obfervations  to  apparent  time.     Mine  were  as  follow  : 

Firft  external  con  tad,  10^    6'  ^  i "  a.  m, 

Firft  internal  con  tad:  when  the  thread  of  light 

was   formed,   and   Mercury   recovered   his 

roundnefs,  10   12   13 

Mercury  begun  to  appear  oblong  before  the  fe- 

cond  internal  con ta(5t,  11   21   4Z 

Doubtful   whether   the   thread  of  light   was 

broken,  ii   22  44 

Second   internal   contad  when  the  thread  of 

light  was  compleatly  broken,  1 1   2.3     5 

Second  external  con  tad:,  11   29   19 

The  magnifying  power  of  the  refleding  telefcope  ufed  in 
thefe  oblervations,  was  260.  The  elliptical  appearance  of  the 
planet  was  obferved  by  M-v.  Williams  as  well  as  myfelf,  at  both 
.paifages  over  the  fun's  limb  -,  but  I  do  not  recoiled:  to  have 
feen  it  remarked  of  any  former  tranfit  of  this  planet.  An  idea 
that  the  fmallnefs  of  Mercury's  apparent  diameter  and  the  ra- 
pidity of  his  motion  would  not  fuffer  it  to  be  of  any  long  con- 
tinuance, prevented  my  making  more  particular  remarks  at  the 
time  of  the  ingrefs.     The  certainty  of  a  fufficient  interval  be-^ 

twee» 
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tween  the  lall  contads,  enabled  me  to  attend  more  particularly 
to  this  obfervation  at  the  end,  than  at  the  beginning  of  the  tran- 
fit.  At  11^21 '4i"  apparant  time.  Mercury  began  to  appear 
dillorted  ;  and  from  this  time  the  thread  of  light  grew  gradu- 
ally fainter  till  1 1^  22 '  44",  when  I  was  doubtful  whether  it  ex- 
ifled  any  longer.  I  kt  down  the  fecond  internal  conta(a:  at  1 1'' 
23'  5'^,  when  I  was  firil  certain  that  the  thread  of  light  was 
broken.  From  the  time  that  the  center  of  the  planet  appeared 
to  me  to  have  paiTed  the  fun's  limbj  the  appearance  of  it's  fol- 
lowing half  became  very  irregular,  being  diflurbed  by  a  brifk 
undulatory  motion,  which  continued  till  the  end  of  the  tranfit. 

This  diilortion  appears  to  be  common  to  both  the  inferior 
planets,  when  in  the  iame  fituation  with  refpedto  the  obferver.. 
At  the  tranfit  of  Venus  in  1761,  it  was  obferved,  in /W/^,  E,^^-^ 
Imddnd  Swede?!  ;  and  at  that  of  1769,  by  almoft  all  who  ob- 
ferved  the  tranfit.  They  indeed  vary  in  their  ideas  of  its  dura- 
tion ;  which  cannot  be  wondered  at  when  we  confider  the  dif- 
ferent magnifying,  power  of  their  indruments,  and  the  different 
ftrength  of  their  eyes.  Particular  defcriptions  of  the  appear- 
ance of  Venus,  in  her  two  tranfits,.  are  publifhed  in  Vols.  LIX. 
LX.  and  LXI.  of  the  PhilofophicalTranfadlions,  with  fuitable 
projeaions  5  and  from  the  great  refemblance  they  bear  to  the 
appearance  of  Mercury  in  his  laft  tranfit,  the  conclufion  is  na- 
tural that  they  arofe  from  the  fame  caufe. 

The  objed  is  fo  fmall  and  remote,  that  we  can  hardly  ex- 
pert to  determine  it's  caufe  with  abfolute  certainty.  It  will 
not,  however,  be  deemed  amifs  to  remark,  as  a  probable  caufe 
only,  that  the  rays  proceeding  from  fo  fmall  an  objedt  as  that 
part   oL  the  fun's   limb  which  is  nearell:  to  the  planet,  during 

the  diftortion  of  the  latter,  are  too  feeble  to  make  a  full  im- 

preilion 
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preflion  on  the  feat  of  vilion.  Objeds  feen  by  reflexion,  as 
moil  terreftrial  bodies  are,  cannot  be  feen  diftindlly,  unlefs  they 
fubtend  a  certain  angle.  The  fame  thing  taking  place  in  lu- 
minous obje(fts,  with  a  fmaller  angle,  when  the  thread  of  light 
becomes  too  fmall  to  be  diftindly  feen,  the  exterior  limb  of  the 
planet  will  appear  confufed  -,  and  every  degree  of  confufion, 
arifmg  from  a  partial  defed  of  light,  will  operate  upon  the  eye 
like  a  real  diftortion  of  the  objed.  If  this  opinion  be  right, 
as  the  diflance  of  centers  is  eafily  calculated  for  any  given  mo- 
ment, perhaps  the  limits  of  vifion,  as  far  as  refpeds  luminous 
objeds,  may  be  afcertained  by  accurate  obfervations  of  this 
kind. 

Cambridge y  27  th  December,  1783, 


'^.  "^^  '^  ^  ^^ 
4^  'fk  -^ 
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XIV.  Obfervations  of  anEcIipfe  of  the  Moon,  March  2(),  1782^ 
and  of  an  Eclipfe  of  the  Sun,  on  the  12th  of  April  following, 
at  Ipfwich,  Lat,  42"  38'  30".  By  the  Reverend  Man  as - 
SEH  Cutler,  F.  A.  A, 

IN  the  following  obfervations  I  made  ufe  of  a  refle(fliiig  telef- 
cope,  made  by  Mann,  magnifying  45  times.  My  clock 
was  carefully  regulated  by  taking  correfponding  double  altitudes 
of  the  fun,  refleded  from  a  bowl  of  the  oil  of  tar,  with  Ilad- 
leys  quadrant. 

The  night  of  29th  of  March  was  exceedingly  clear,  and  the 
atmofphere  very  free  from  vapour.  At  2^- 1 5 '  1 "  apparent  time, 
I  obferved  a  dufky  appearance  on  the  part  of  the  moon's  limb, 
v/hich  was  then  juft  within  the  lower  part  of  the  field  of  my 
telefcope  ;  and,  bringing  it  inftantly  into  the  center  of  the  field 
of  view,  found  the  penumbra  confiderably  advanced,  and  in 
about  42"  perceived  an  impreffion  from  the  fhadow. 

Apparent  Time. 

At  2^- 1 5 '    i"  difcovered  the  penumbra  fomewhat  advanced. 

2  1 5  42  eclipfe  began. 

2  21    17  in  con  tad:  with  Gajfeudus. 

2  25   37  in  contact  with  Mare  Humor  urn, 

2  30  31  in  contad  with  Tycho. 

2  33   30  in  con  tad  with  Grimaldus, 

2  34  35  in  contad  with  Pitatus, 

2  40  11   Grimaldus  covered. 

2  54  55  in  contad  with  Snellius  et  Fiirnerius. 

3  2     I   in  contad  with  Kepler  us. 
3   10  23  Dionyfus  cowered, 

314    2  Promontorium  Acutum  Cenjorlnm  covered. 

Apparent 
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Apparent  Time. 

At  3^24'  13" Manilins  covered. 

3  26  39  Plinius  covered.  / 

331     9  in  conta<5t  with  Mare  Crijium, 
3  40  20  Grimaldus  begins  to  emerge. 

3  53  54  cmerfion  of  Manilins  and  Plinius. 

4  45  40  emerfion  of  Mare  Nedlaris, 
451   25  emerfion  of  Snellius  et  Furnerius, 
4  ^^  20  eclipfe  ends. 

4  ^y     5  day-light   fo  far  advanced   that  the  penumbra 
could  no  longer  be  perceived. 

On  the  1 2th  of  April  I  was  favoured  with  the  company  of 
:the  Reverend  Mr.  Prince,  of  Salem ^  and  Mr.  Brown  Etnerfon^ 
of  Reading,  who  obferved  the  eclipfe  with  me.  Mr.  Priftce 
made  ufe  of  a  refieding  telefcope,  the  magnifying  power  not 
known,  but  fuppofed  to  be  about  45.,  Mr.  Emerfon  obferved 
with  a  refledlor,  made  by  Mann,  magmfying  34  times. 

The  day  was  fine,  and  the  fky  unufually  clear  in  the  morning  i 
but  before  twelve  o'clock  the  fun  was  frequently  covered  with 
detached  flying  clouds.  Jufi:  at  the  time  the  eclipfe  began, 
however,the  fun  was  free  from  any  cloud  and  excellently  defin- 
ed. I  was  fo  fortunate  as  to  have  the  point  in  the  fun's  limbs 
where  the  contact  took  place,  full  in  the  field  of  view,  and 
noted  the  fecond  that  was  called  when  I  firfl  fufpeded  an  im- 
preflion,  though  I  was  not  certain  of  the  conta<ft  for  the  fpace 
of  two  or  three  feconds  after.  Before  the  eclipfe  ended,  the 
wind  breezed  up  frefli,  and  the  vapour  increafed  fo  as  to  occa- 
fion  a  confiiant  undulation  of  the  fun's  limb.  We  were,  there- 
fore, not  fo  certain  about  the  time  of  the  ending,   as  we  were 

of  the  beginning  of  the  eclipfe. 

W  2  Mr. 
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Mr.  Prince,  Mr.  Emerfoti.    Myfelf. 

..A  ,   r-o   ,r    f  Apparent  tune. 

2  53     6  2  53   15   J 


Beginning, 

oh  12' 52'' 

End, 

2  53   19 

Duration, 

2  40  27 

a  40  18  2  40  29 


The  latitude  of  my  houfe  has  been  found,  by  the  mean  of 
about  twenty  double  altitudes  of  the  fun,  when  on  the  meri- 
dian, taken  with  an  Radleys  quadrant,  to  be  42°  38 '  30". 
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XV.  On  the  ExtraSiioJi  of  Roots,  ^y  Benjamin  West, 
Efqiiircy  F.  A.  A.  hi  a  Letter  to  Mr,  Caleb  Gan- 
nett, Kec.  Sec.  F.  A.  A. 

Dear  Sir, 

HAVING  a  little  leifure  at  this  time,  I  thought  it  a  pro- 
per opportunity  to  fulfil  my  promife  of  fending  you  the 
fubftance  of  what  I  have  done,  refpeding  the  Roots.  What  I 
chiefly  aimed  at  was,  to  render  the  method  of  extracting  the 
roots  of  the  odd  powers  eafier,  and  lefs  burthenfome  to  the 
memory  ;  and,  I  think,  I  have  not  failed  in  my  attempt.  The 
method,  followed  by  ^^;W  and  others,  is  excellent,  but  is  at- 
tended with  too  much  difficulty  in  getting  tha  divifors  ;  efpe- 
cially  for  learners,  who  are  not  acquainted  with  the  reafon  of 
the  rules. — That  difficulty  I  have  ftrove  to  remedy  in  the  fol- 
lowing w^ork.  In  the  courfe  of  my  teaching,  fmce  I  made 
this  difcovery,  I  have  not  met  wdth  more  trouble  in  teaching 
the  third,  fifth  and  feventh  powers,  than  what  is  ufual.  in  ex- 
tracting the  fquare  root.  Methods,-  fimilar  to  thefe,  may  be. 
found  for  extrading  the  roots-  of  the  even  pov/ers-.. 

I  generally  get  the  three  firfl:  figures  in  the  root  hj  the  firll 
operation,  (if  there  are  fo  many  in  the  root)  tho'  many  times. 
four  or  five  may  be  got,  if  the  firil:  figure  in  the  root  comes 
very  near  to  the  firfi;  period  of  the  relolvcnd. 

As  it  is  not  neceffary  to  make  a  long  introdudlion,  I  fliall 
proceed  to  ihow  in  what  manner  I  invefligated  the  rules.  The 
cube  root  being  the  firfi:  in  order,  I  iliall  begin  with  that ;  and 
in  order  thereto,  let  the  refolvend  be  =  ^  ^  the  firfl  figure  in 
tWQ  root  =  r  j  and  the  remaining  figures  in  the  root  =  e  ;  and 

tnen 
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then  the  root  will  be  r  +  ^  ;  and,  by  involution  r  ^  -|-  3^'^  -{- 
2re'--\-eee=a.  By  dropping  e\  and  making  the  other  terms 
equal  to  a,  we  fhall  have  r^-\-2re'-  -j-  3r^  =  ^  3  and  by  fub- 

tra(flion  3r^*  +  3^^*=^ — ^^  ;  and  by  divirion^*-{-r^= ''^IIl-j 
and  by  compleating  the  fquare,  we  rtiall  have  ^  *  -f-  7v  -[-  -  = 
_|_  ji  r=:i^— ^   J  by  extrading  the  fquare  root  of  both  fides. 


3>'      '   4 


it  will  give  ^  +  ~  =\/  "^^-^^  ?  whence  e= — -  +  v^  liz: 


-r 


and  by  the  addition  of  r  on  each  fide,  it  will  ber-{-^=  r — ~  + 
a/4^~^'  =:-4-v/ti'?"'"'  .     From  which  comes  this  rule^ 

izr  2  izr 

Take  the  neareft  root  to  the  fir  ft  period  of  the  refolvend,  be 
h  more  or  lefs  than  juft,  and  fupply  it  with  as  many  cyphers  as 
there  are  remaining  periods  in  the  refolvend,  and  call  it  the  af- 
fumed  root.  Then  multiply  the  given  refolvend  by  4  -,  from 
the  produdl  fubtra(5t  the  cube  of  the  affumed  root  ;  divide  the 
remainder  by  1 2  times  the  affumed  root,  and  extradl  the  fquare 
root  of  the  quotient.  To  the  fquare  root,  thus  found,  add  one 
half  of  the  affumed  root,  and  it  will  give  the  cube  root  cor- 
reded  ;  which  may  be  repeated  and  carried  to  what  exadnefs 
you  may  wifh  to  have  it  j — always  taking  the  laft  root  for  the 
afflimed  root. 

Take  an  example  or  two, — Let  it  be  required  to  extract  the 
cube  root  from  735051274.  Here  9  is  the  neareft  root  735,  and 
900  is  the  affumed  root,  lefs  than  juft, 

735051274 
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735051 2 74(900=  aflumed  root. 

5^4 


3     2940205096 
900=  —  729000000 


900x12  =3  I08l00)22I  12050(96(204741 
216 

"^  4      )      204741*  (452, 

432  4  16  450  =  the  aflumed  root. 

800  85  447      902 = true  root,  nearly^. 

756  5  425 

445  90a  2241 

432  1804 

130  437 

108 

22 

Take  a  fecond  example.     Extrad  the  cube  root  from  330625. 

330625(70  =  aflumed  root,  more  than  juft. 

*^ 

The  work  repeated, 

3         1322500  ^ 

70  =  — «  343000  69*  I 


70Xi2=84|o)9795o[o    (     1166,07  (34*1 


84- ••    3 

9 

35»  =  i7o 

3 

139      

266 

69, 1  correfted. 

84       64 

256 

4 
5S5     

504     68 1 

1007 
681 

510 

326 

504 

600 

588 

69,1 
691 

6219 

4146 

4774,81  fquare. 
69,1 

2864886 

429733 
4774 

329939,3  cube. 


iz 


1322500 
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3       1322500 
69, 1  =  —  329939, 3 


D 


2)992560,  7(1197,010009647852 
•  8292 ••  • 

8292 

3  )  1197,010009647852(34,5-97832 
3    9             34'55=t69.  i 

8-0440 
74628 

64   297 
4   256 

69*  1 47  83  2  root. 

58127 
,58044 

685   4101 
5   3425 

8300 
8292 

6909  67600 
9  62181 

80000 
74628 

69187  541909 
7  484309 

53720 
49752 

691948  5760064 
8  5535584 

39680 
33168 

6919563  22448078 
3  20758689 

'65120 
58044 

69195662   168938952 
138391324 

70760 
66336 

30547628 

4324 

4146 

178 

^3 


Two  examples  being  fufficient  to  illuftrate  the  rule,  I  fhall 
proceed  to  the  furfolid,  or  fifth  power.  The.invefligation  is  as 
follow^s  : 

Let  a  =  the  refolvend  ;  r  =  the  firft  figure  in  the  root, 
&nd  e  =  the  remaining  figures.  Then  r  4-  ^  =^  true  root,  and 
r^  4-  ^re-\-  lor^ e''  +  lorV  4-  5^'^"^  4  e^=a',  and  by  drop- 
ping all  the  terms  that  contain  a  higher  power  of  ^  than  ^%  and 

by 
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by  making  the  remainder  equal  to  a,  there  will  be  r'  4-  tre 
-|-  ior'f*=^,  and  then  ^re  ■\-  lor^e*-  =  a — r^  •  and  by 
divifion  ^*  -|-  4.^^=  -^— ^  ;  and  by  compleating  the  fquare  we 

(hall  have  e*  +  JL  re  +  -^'=^'+4  =  1^^=1-'—  ^^S"'. 


l6or  8 or 


and  by  extracting  the  fquare  root,  e  +  -=ry/^^ — ^'  •    and  by 


4         ^       8or' 


fubtradrion  e  =  —  ~+ v^  _f — Z     .  and  by  adding  r  on  both 
fides;  r  +  .=  r-;-+v/?-;-^^=ir+7!pp.  Whence 

4  8or  8or^ 

this  rule  : 

Take  the  neareft  root  to  the  firil  period  of  the  refolvend, 
more  or  lefs  than  juft,  and  annex  as  many  cyphers,  as  there  are 
remaining  periods  in  the  refolvend,  and  call  it  the  aiTumed  root. 
Multiply  the  refolvend  by  8,  and  from  the  product  take  3  times 
the  fifth  power  of  the  affumed  root  ;  divide  the  remainder  by 
80  times  the  third  power  of  the  affumed  root,  and  extrad:  the 
fquare  root  of  the  quotient ;  to  which  add  three  fourths  of  the 
affumed  root,  and  it  will  give  the  furfolid  root  corrected  : — It 
may  be  repeated,  and  carried  to  what  exadtnefs  you  would  have 
it  i  flill  taking  the  lafl  root  from  the  afliimed  root. 

Let  us  take  an  example  from  ^FarJ  :  Extrad:  the  furfolid 
root  from  12309502009375.  Here  the  nearefl  furfolid  root  to  1230 
is  4,  and  the  aflumed  root  400,  lefs  than  jufl, 

•^  1 23095020093 7^ 

*  The  co-efficlents  are  divided  by  their  greateft  common  meafure.  £uc.b.  7.  p.  3- 
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12309502009375  (4oo=a{rumed  root. 
x8 


5  98476016075000 

400x3  =  —  30720000C00000 

3  — — . .       .      . 

400X80  =  5120000000)677560116075000     (         13233     (     115 

5I2"**         I      300 

1655        1     32     415  =  root. 
1536        ~    21 


21 


1196        I    1133 
1024       1125 


1720 
1536 

1841 
1536 


305 

One  cafe  being  fufficient  to  exemplify  the  ruk,  I  Ihall  not 

trouble  you  with  a  fecond.     The  next   is  the  fecond  flirfolid, 

or  feventh  power  :  And  let  the  fame  letters  fland  for  the  fame 

things,  as  in  the  preceding  powers  ;  and  then  we  fliall  have  r'' 

=  a  i  and  by  negledling  all   the  terms  that  contain  a  greater 

power  of  f  than  e"" ,  and  making  the  remainder  equal  to  a,  there 

will  arjfe  r'  -j-  yr^e-f-  z\r' e''  =a  •,  Q.ndyr^e-{-  2ir'e^  =a  — 

7 

r'  _j  and  by  divifion  ^*+ 4  ^^  =  ^^--7    ',    and    by   compleating 


2ir" 

7 


the  fquare,  e"- +  ~  re -{- ^.  =  ""■ — f  +  4  =— — ^  :*  By  extrad- 

jng  the  fquare  root  of  both  fides  of  the  equation,  there  will 

arife  ^  +  4- r  =  7^^^=^y  and  #  =  —  4. r  +  '^l^'\  And 

252r  252r 

furthermore,  if  r  be  added  to  both  fides  of  the  equation,  there 

will  be  had,  r  +  e^r^'r  +  s/  i±!zi:^l=4-r+  J'^^^^. 

-  ^     252/-^         '  252;-^ 

Whence  this  rule  :  Take 

•  See  note.  p.»x66. 
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Take  the  neareft  fecond  furfolid  root  to  the  firfl  period  of 
the  refolvend,  and  place  as  many  cyphers  at  it's  right  hand  as 
there  are  remaining  periods  in  the  refolvend,  and  call  it  the  af- 
fumed  root.  Multiply  the  refolvend  by  12,  and  take  5  times 
the  feventh  power  of  the  aiTumed  root  from  the  produd:,  and 
divide  the  remainder  by  252  times  the  fifth  power  of  the  af- 
fumed  root  ;  extract  the  fquare  root  of  the  quotient,  and  add 
the  root  to  {  of  the  aflumed  root,  and  it  will  give  the  fecond 
furfolid  root  corrected  ;  which  may  be  repeated  and  carried  to 
the  defired  accuracy, — remembering  to  take,  in  each  operation, 
the  laft  root  for  the  affumed  root.  We  will  take  Wards  exam- 
ple, viz.  Extra(fl  the  fecond  furfolid  root  from  38298655395507812V 
Here  the  neareft  root  to  3829,  is  3,  and  300  is  the  aiTumed 
root,  lefs  than  jufl, 

382986553955078125(300 
X12 


7  45958386474609375C0 

300x5  =  — 1035000000000000000 


,300x252=6123610000000000  )350233864[746o9375oo(57 19 

.3o6i8o"* 


440538 
428652 

X18866 
61236 


576304 
541124 

35180 


7       )       57^9       (       75 

7  49  250  =  I-  of  the  afTumed  root. 

■i45  819  325  =  root,  agreeable  to  JVard. 

725 

^^  X  2  Scholium, 
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Scholium. 
It  may  be  obferved,  that  in  the  foregoing  examples,  I  have 
carried  the  work  out  at  large  :  This  I  did  in  order  to  avoid  any 
feeming  embarraffments.  Whatever  contractions  are  made  ufe 
of  by  Ward,  or  others,  may  be  adopted,  with  equal  propriety, 
in  thefe  methods  ;  and  I  have  not  met  with  an  infl:ance,in  ^vhich 
thefe  rules  do  not  approach  the  root  with  equal  celerity,  as  thofe 
of  the  foremen tioned  author. 

I  am,  &c. 

BENJAMIN    WEST. 
To  Mr.  Caleb  Gannett, 


^  :^'  ^:  yA  k<  ^^ 

'fA  "^  "M.  '^  "fk 

>^{  ''0..  'M.  K€ 

"'0.  -^  'M. 
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XVI.     A  new  and  concife  Method  of  computing  Intereji  at  Six 
per  Cent .  per  Annum .     5)/ Philomath. 

LET  the  interefl  of  ;C-745  ^^  required  for   i6  months  at 
6  per  cent,  per  annum. 
Operation  at  large. — According  to  the  double  Rule  of  Three, 
or  (as  it  is  fometimes  called)   the  Rule   of  Five,  the  queilion 
will  be  ftated  thus  : 

If  ^.  I  GO  in  12  months  gain  yr.6,  what  will  ^.JA,^  gain  in 
1 6  months  ? 

For  folution. — Of  thefe  five  terms  fo  ranged, 

£•  w.  £.  £.  m. 

100   :   12     :     6     :     745     :   16, 

the  three  laft  are  to  be  multiplied  together,  for  a  dividend  ;  and 

the  two  firfl  for  a  divifion  :    And  the  quotient  will  be  the  an- 

fwer  to  the  queftion.     Thus, 

745 
16 


4470 
100  745 


12 


11920 


200                                   6 
100  


' 71520  (  £.S9 

1200  )  6000 


11520 

10800 


Remain.     720 
20 


)  14400  (   12  s.. 
J  200 


2400 
2400 


Anfwer,  ;^.59  12  o 


If 
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If  the  dividend  and  divifor,  in  the  foregoing  operation,  he 
lelTened  in  the  fame  proportion,  or,  hke  parts,  be  taken  inflead 
of  their  wholes,  as,  if  one  fixth  part  of  the  former  dividend  be 
divided  by  one  fixth  part  of  the  former  divifor,  the  quotient 
and  anfvver  will  be  the  fime  as  before.  But  the  produdt  of 
the  two  lafl  terms  in  the  ilating  (omitting  the  multiplication 
hy  the  third  term  6)  is  equal  to  one  iixth  of  faid  dividend  : — 
Therefore,  if  the  produd;  of  faid  two  lafl  terms  be  divided  by 
2  0.O,  equal  to  one  fixth  of  the  former  divifor,  the  quotient 
and  anfwer  will  be  as  before.     Thus, 

745 
i6 

447° 
745 


.00)  1 1920  {£^59 
J  000 


1920 

1800 


Remain.  120 
20 


2400  (  I2S. 

200 

400 
400 


If  inftead  of  the  dividend  1 1920,  in  the  lafl  operation,  being 
-divided  by  200,  it  be  divided  by  one  of  the  two  numbers,  e.  g, 
10  and  20,  the  re(5tangle  whereof  is  equal  to  200,  the  divifor 
there,  and  the  quotient  thence  arifing  be  divided  by  the  other 
of  faid  two  numbers,  the  laft  quotient  and  anfwer  will  be  the 
fame  as  before.     Thus, 


TIC 
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10)11920 
10  •  •  • 

( 

I  192 

19 

10 

100 ' 

92 

90 

•Jr, 

. 

192 
180 

20  I2S. 


Note  here. — The  firft  quotient  is  fhillings,  it  taking  20  of 
them  in  the  fecond  divifion  to  make  a  pound ;  and  the  remain- 
der, after  the  firll  divifion,  (if  any)  expreffes  tenths  of  a  fhil- 
lings. 

Again. — Inflead  of  the  former  dividend,  11920,  being  di- 
vided by  2C0,  if  one  half  faid  dividend,  or,  half  the  produ6l 
cf  the  two  laft  terms  of  the  ftate  of  the  queflion,  (which  is 
equal  to  the. product  of  either  of  the  faid  two  laft  terms  mul- 
tiplied into  half  the  other)  be  divided  by  half  the  faid  divifor 
200,  =  100,  there  will  be  the  fame  quotient  and  anfwer  as 

before.     Thus, 

200         1192D 

100     )       59<5o(;C.59 
500 

960' 

900 


Remain.  60 

20 


1200  (   I2S, 

100 


200 
200 


From  the  premlfes  refult  the  following  rules  for  computing 
intereft  at  6  per  cent,  per  annum,  in  a  new  concifc  method,  made 

ufe 
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ufe  of   by  many  gentlemen,    but  which  is  not  commonly 
known. 

I .  If  any  funi  of  money  be  multiplied  by  the  number  of 
months  and  parts  of  a  month  it  is  at  intereft,  at  the  rate  of  6 
per  cent,  per  annum,  and  the  right-hand  figure  of  the  pounds 
in  the  produdl  be  feparated  by  a  comma  from  the  others,  (if 
any  be)  thofe  other  figures  will  be  the  (hillings  which  the  in- 
terefl  doth  corae  to  for  the  time  given,  and  the  right-hand  fig- 
ure, feparated  as  aforefaid,  will  be  the  decimal,  that  is,  the 
tenth  part  of  a  fhilling. 

Example.  What  is  the  intereil  of  jC-745>  ^^^  ^^  months, 
at  6  per  cent,  per  annum  ? 

Operation, 

^•745 
i6 

4470 

745 


20s.       119,  2,  o 


^  Anf.  59, 12,  o 

2.  If  any  fum  of  money  be  multiplied  by  one  half  of  the 
time  in  months  and  parts  of  a  month  it  is  at  intercft,  at  6  per 
cent,  per  annum,  and  the  two  right-hand  figures  of  the  pounds 
in  the  produd  be  feparated  with  a  comma  from  the  others,  (if 
there  be  any)  thofe  other  figures,  if  any  there  be,'  will  be  the 
pounds  that  the  intereft  doth  come  to  for  the  time  given  ;  and 
■the  right-hand  figure,  fo  feparated,  will  be  the  decimal  parts 
of  a  pound. 

Example.     What  is  the  intercft  of  >C-745>  for  1 6  months, 

jat  6  per  cent,  per  annum  ? 

Operation. 
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Operation, 

^•745 
8 

59, 60 
20 

12,00 
Anf.  £.$9  12 

If  under  either  of  thefe  rules,  in  the  produd,  there  be  no 
•figures  in  the  place  of  pounds,  fupply  them  by  one  or  two 
cyphers.  If  under  the  fecond  rule,  there  be  but  one  figure  in 
the  place  of  pounds,  fupply  by  prefixing  one  or  two  cyphers.* 

The  multiplication  of  pounds,  fliillings,  pence,  &c.  by 
months  and  fuch  number  of  days  as  are  not  an  exadt  half,  third 
part,  &c.  of  a  month,may  indeed  fometimes  prove  burthenfome 
to  the  mind. 

But  by  the  help  of  the  two  fubfequent  tables  of  decimals, 
one  of  the  parts  of  a  pound,  and  the  other  of  the  parts  of  a 
month,  the  intereft  of  any  fum  of  money,  confifting  of  divers 
denGminations  of  pounds,  fhillings,  pence,  and  even  farthings, 
for  any  given  number  of  months  and  days,  may,  upon  the 
principles  on  which  the  fecond  rule  aforegoing  is  founded,  by 
an.  eafy  procefs  and  with  fufficient  accuracy,  be  computed, 

Y  A 

*  In  both  thefe  rules,  the  fum  at  mtereft  is  fuppofedto  be  given  in  pounds,  &c, 
liut  if  the  fum  at  iatcreil  be  given  in  dollars,  the  intereft  thereon  may  be  computed 
by  the  fecond  rule  ;  only  obferving,  that  the  figures  in  the  produ<5l,  (of  the  fum 
by  half  the  time)  on  the  left  hand  of  the  comma,  will  be  dollars,  and  thofe  on  the 
right  hand  will  be  the  decimal  parts  of  a  dollar. 
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^  'Tabic  of  Decimal  Pdrts  of  a  Pounds    or  twenty  S/jillmg.i 


cl.q. 
O  I 
O  2 
O 
I 
2 

3 
4 
5 
6 

7 


9 
lo 
1  I  o 

o  o 
I 

2 

3 


9 

lO 

1 1 
o 
I 

2 

3 
4 

5 

6 

7 
8 

9 

lO 

II 

o 
I 

3 
4 

5 
6 

7 
8 

9 

lO 


/• 

1 

/•  J^   1 

OOIO 

3 

1 1 

1959 

8   0 

002I 

4 

c 

2000 

8   I 

OC3I 

4 

I 

2042 

8   2 

0042 

4 

2 

2084 

S  3 

0084 

4 

3 

2i25 

8  4 

0125 

'!■ 

4 

2  167 

8  5 

0x67 

4 

5 

2^09 

8  6 

0209 

4 

6 

2250 

8  7 

0250 

4 

7 

2292 

8  8 

0292 

4 

8 

2334 

8  9 

0334 

4 

9 

2375 

8  10 

"375 

4 

10 

24J7 

8  II 

0417 

4- 

1 1 

2459 

9  ^ 

0459 

5 

0 

25QO 

9  I 

0500 

5 

I 

2542 

9  2 

0^42 

5 

'1 

2584 

9  3 

0584 

5 

3 

2625 

9  4 

0625 

5 

4 

2667 

9  5 

0667 

5 

5 

2709 

9  C 

C709 

5 

6 

2750 

9  7 

0750 

5 

/ 

2792 

9  8 

0792 

5 

8 

2834 

9  9 

0834 

5 

9 

2875 

9  10 

0875 

5 

lO 

2917 

9  ^i 

0917 

5 

II 

2959 

10  0 

0959 

6 

0 

3000 

10   I 

1000 

6 

1 

3042 

10  2 

1042 

6 

2 

3084 

10  3 

[084 

6 

3 

l^'-S 

10  4 

1125 

6 

4 

3167 

10  5 

1167 

6 

5 

3209 

10  6 

12C9 

6 

6 

3250 

10  7 

1250 

6 

M 

3292 

10  8 

1292 

6 

8 

3334 

10  9 

1334 

6 

9 

3375 

10  10 

1375 

6 

10 

3417 

10  1 1 

I4I7 

6 

1 1 

3459 

1 1   0 

H59 

T 
/ 

0 

3500 

II   I 

1500 

7 

I 

3542 

II   2 

1542 

7 

2 

3584 

^i  3 

158+ 

7 

3 

3625 

II  4 

J625 

7 

4 

3667 

^i  5 

1667 

7 

r 
J 

3709 

11  6 

1709 

7 

6 

3750 

''  z 

1750 

7 

7 

3792 

II  8 

1792 

7 

8 

3834 

II  9 

1834 

7 

9 

3875 

11  10 

1875 

7 

10 

3917 

11  II 

1917 

7 

11 

3959 

is  0 

4000 

4042 
4084 
4125 
4167 

4209 

4250 
4292 

4334 

4375 
4457 
4459 

45  CO 

4542 
4584 
4625 
4667 
4709 
4750 
4792 
4834 

4875 
4917 

4959 
5000 
5042 
5084 
5125 
5167 
5209 
5250 
5292 
5334 
5375 
54' 7 
5459 
5500 

5542 

5584 
5625 
5667 
5709 

5750 
5792 

5834 
5875 
5917 
5959 
600Q 


/.  ./. 

2  ] 

2  2 

2  3 

2  ^. 

2  5 

2  6 

2  7 

2  8 

2  9 

2  10 

2  1 1 

3  o 


3 
3 
3 
3 
3 
3 

3  9 
3  10 

3  II 

4  o 


4  10 

4  II 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5  9 
5  10 

5  u 

6  o 
6  1 


6042 
6084 
6125 
6167 
6209 
6250 
6292 

6334 

6375 

6417 

^459 
6500 
654.2 
658a 
652  5 
6667 
6709 
6750 
6702 
6834 
6875 
6917 
6959 
7000 
7042 
7084 
7125 
7167 
7209 
7250 
7292 
7334 
7375 
7417 
7459 
7500 

7542 

7584 
7625 
7667 

7709 

775° 
7792 
7834 
7875 
7917 
7959 
8000 
8042 


/.  /.  ^. 


6 

6 

6 

6 

6 

6 

6 

6  9 

6  10 

6  II 

7  o 
7  I 


2 

3- 
4 
5 
6 

n 
/ 

7  8 
7  9 
7  10 

7  II 

8  o 
I 
2 
3 


8  9 
8  ic 
8  II 
9 
9 


9 

9  10 

9  II 
0  o 


80R4 
8125 
8167 
8209 
8250 
8292 
8334 
8375 
8417 

8459 

85C0 
8542 

8584 
8625 

8667 
8709 
8750 
8792 
8834 
8875 
8917 

8959 
9CC0 
,9042 
9084 
9125 
9167 
9209 
9250 
9292 
9334 
9375 
9417 
9449 
9500 
9542 

9584 
9625 
9667 
9709 
9750 
9792 

9834 
9875 
9917 

9959 

lOOOO 


A 


/ 
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A  Table  of  Decimal  Parts  of  a  Month, 


79 


lys. 

D- 

D. 

D. 

M.D. 

I 

0333 

7 

2333 

13 

4333 

19 

6333 

25 

2 

0667 

8 

2667 

H 

4667 

20 

6667 

26 

3 

1000 

9 

3000 

15 

5000 

21 

7000 

27 

4 

1333 

10 

3333 

16 

5333 

22 

7333 

28 

5 

1667 

1 1 

3667 

17 

5667 

23 

7667 

29 

6 

2000 

12 

4000 

^8  . 

60CO 

24 

8000 

I   0 

«333 
8667 
9000 

9333 

9667 


When  intereft  at  the  rate  of  6  per  cent,  per  annum,  is  to  be 
computed  on  any  given  fum  of  mo/ney  and  for  any  given  time, 
and  the  money  or  time,  or  both,  be  of  divers  denominations, 
iet  down  the  money  at  intereft  in  pounds  and  decimal  parts  of 
a  pound,  and  the  time  in  months  and  decimal  parts  of  a  monthj, 
(the  decimals  being  taken  from  the  tables  refpe<5lively)  and 
multiply  the  whole  of  one  of  them  by  half  of  the  other,  and 
count  off  t^vo  more  of  the  right-hand  figures  of  the  product 
than  there  are  places  of  decimals  in  the  multiplicand  and  mul- 
tiplier together,  and  there  place  a  comma.,  to  feparate  them  from 
the  other  figures  of  the  producfl,  if  any  be  ;  but  if  there  be 
not  fo  many  figures  in  the  produ(5t,  fupply  them  by  prefixing 
cyphers  ■-,  and  then  the  figures  (if  there  be  any)  on  the  left 
hand  of  the  comma,  will  be  the  pounds  that  the  interefl  comes 
to  for  the  given  time  ;  and  the  figures  on  the  right  hand  of 
the  comma  will  be  decimal  parts  of  a  pound, — three  or  four  of 
which,  next  the  comma,  may  be  fuflicient  in  common  cafes  to 
retain,  and  the  refl  may  be  expunged. 

Example.  Let  the  intereft  of  >C*745  ^5^-  ^^*  ^^^'  ^  7^^ 
7  months  and  1 1  days,  at  6  per  cent,  per  annum,  be  cdmput- 
ed. 


y  % 


Money, 
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Money. 

M  Time. 

;^'745'  775 

2)i 

[9,  3667 

9»  6833 

9.  '5833 

2237325 

2237325 

5966200 

4474650 

67 1 1 975 

72,2156 

20 

4,3120 

12 

3,6440 

4 

2,5760 

Anf.  ^.72. 

4s.  3d. 

2q. 

This  method  is  adapted  to  reckoning  intereft  at  the  rate  of. 
6  per  cent, — But  from  the  intereft  at  6  per  cent,  the  intereft  at 
any  other  given  rate  may  be  obtained,  as  follows  : 

One, Jixth  part  of  the  interefr  at  6  per  cent,  is  the  intereft  at 
1  per  cent. — One  third  is  the  interefl  at  2,  per  cent. — One  half 
is  the  intereil  at  3  per  cent.     If  from  the  interefl  at  6  per  cent, 
there  be  fubtracfled  one  third  of  it,  the   remainder  v/ill  be  the 
interefl  at  4  per  cent. — If  one^fxth  be  fubtradled,  the  remain-- 
der  v/iil  be  the  intereft  at  5  per  cent. 

Again. — If  to  the  intereft  at  6  per  cent,  there  be  added  one 
fxth  part  thereof,  the  furn  will  be  the  intereft  at  7  per  cent.—' 
If  there  be  added  one  thirds  the  fum  will  be  the  interefl:  at  8 
per  cent. — If  there  be  added  half,  the  fum  will  be  the  intereft 
at  9  per  cent. — If  two  thirds,  the  fum  will  be  the  interefl  at 
10  per  cent. — If  one  half  and  one  third,  the  fum  will  be  the 
iiUereil  at  1 1  pev  cent^ — The  double  of  the  interefl  at  6  per 

cent. 
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cent,  is  the  intereft  at  1 2  per  cent. — If  to  that  double  there 
be  added  one  fixth  of  the  intereft  at  6  per  cent,  fhe  fum  will 
be  the  intereft  at  1 3  per  cent.  &c. 

And  this  divifion,  addition  or  fubtraiSlion  may  be  made  im- 
mediately after  the  firft  operation  of  multiplying  the  money  at 
intereft  by  half  the  time,  or  e  contra,  and  before  the  feparating; 
the  figures  into  pounds  and  decimals. 

Example,  Let  there  be  computed  the  mtereft  of  X^.480^ 
for  7  months  and  1 5  days,  at  5  per  cent,  per  annumo 

M. 
£'4^^o,  7, 50 

3»75  


2400 
1440 


3>75 


i  80000  at  6  per  cent. 
30000  i  deducfi. 


15,0000  at  5  ptr  cent. 
Anf.  ^.15. 


Example.     Let  the  intereft  of  ij. 3 45  15s.  for  9  months  ana- 
6  dayr,  be  computed,  at  the  rate  of  7  per  cent,  per  annum,  ■ 


4,  60 

4,60   half  the  time, 

2074500 
138300 


J.59C4500  at  6  per  cent> 
2650750  -i  add. 

18,565250  at  7  per  cent, 
20 


11,305000 
12 

3,66oGco 
4 


2,640000 

Anf.  ;^.i8  IIS.  3d.  zq.  /  L^i 
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Let  it  be  obferved  here,« — in  this  procefs  as  well  as  others, 
where  there  are  decimals  of  •a  pound  to  be  valued,  there  is  no 
need  of  the  feveral  multiplications  by  20,  1 2  and  4  for  that 
purpofe  :  But  the  preceding  table  of  decimal  parts  of  a  pound 
being  calculated  to  four  places,  if  we  repair  to  that  with  fo 
many  of  the  decimals  (next  the  comma)  to  be  valued,  we  fhall 
;  there  find  their  value,  by  infpedion. 

May  15,  1 78 1, 


■#!  4*  -^^  *^  '^' 
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XVII.  Sevt'ral  JVays  of  deter mming  n.vhat  Sum  is  to  be  injured 
on  an  Adventure,  that  the  whole  Intereji  may  be  covered. 
By  Mercator. 

1.7  I  "^HE  firft  and  mofl  common  v/ay  is,  to  caft  the  pre- 
JL  mium  of  infurance  at  the  ftipulated  rate,  on  the  ad- 
venture,— on  that  premium, — on  the  premium  of  the  firfl  pre- 
mium, and  fo  on  until  the  premium  be  fo  fmall  as  not  to  be 
worth  noticing  ^  then  to  colled:  the  adventure  and  thefe  feveral 
premiums  (iirft  and  fecondary)  into  one  fum,  which  will  be 
the  fum  to  be  infured. 

Example,     Adventure,    >C'3^5  ^ — rate  of  infurance,  30  per 
cent. 


30 

94»5o 
20 

Second  premium. 

^.28.   7.  0 
10 

Third  prer 

;^.8.     10. 

25.  10. 

lOjOO 

niur»^ 

283. 10. 

0 
3 

0 

3 

Firft  premium. 
j^.94. 10. 0 

8,jo.  10. 
20 

3-5 

10 

10 

10,10 
12 

1,20 
4 

)8o 

^>55'    3- 
20 

1.  2 

945.  0.  0 

3 

11,03 
12 

>37 
4 

28,35.   0.   0 
20 

'7.0Q 

1,50 


Fourth 


1 84 


A  S  T  R  O  N  O  M  I  C  A  L     ant> 


Fourth  premium. 

£.2.  II.  O.  2 

lO 


35.  lO.  5.  O 
3 

,76.  II.  3.0 
20 


3»75 
4 

3iOo 


Sixth  premium. 

^.0.    4.  7-  I 
3 

Eighth  premium, 

^o.   0.5.0 

30 

0.13.9.3 

10 

0.  12.  6.  0 
12 

5O6.  18.  I.  2 

20 

1,-50 

4 

1,38 

.1.2 

2,00 

4.57 

4 

Ninth  premium 

•2,30 


'Fifth  premium.         Seventh  premium. 


Adventure,  £'$1$-  °-  ®'  ° 

ifl;.  premmm,     94.  10.  o.  o 

2d.                      28.  7-  o.  o 

3d.                        8.  10.  I.   1 

4th.                         3.  II.  o.  2 

5th'.  J 5-  3-  3 

6th.  4-  7-  I 

.  7th.  1-  4-  2 

8th.  o.  5.  o 

9th.  r.  I.  2 

Ipth.  o-  2 

450.  0.  0.  1 


;^.0.    O.      1.2 


I.  3.0 
2.6. 


■£'0'  15'  3-  3 
10 

^.0.   1. 4.  2 
30 

•3.9.0 
12 

7.  13.  1.2 
3 

,1.3.0 
10 
1. 10 

»45 
4 

' 

,22.  19.4.2 
20 

,02.   1.3.0 
20 

1,80 

4»59 
12 

7.12 

3041 
12 

Tenth  premium » 

2  farthings. 

4 

4*95 

»5^ 

Collection. 

And 
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And  obferve  : — The  greater  the  rate  of  ihfurance,  the  more 
toperations  are  requifite  j  becaufe  the  lefs  of  the  adventure  will 
be  covered  by  the  infurance  of  each  preceding  premium. 

2.  Another  way. — Cafl  the  premium  of  infurance  on  the 
adventure,  (as  before)  which,  fubtrad  from  the  adventure  ; — = 
then,  by  the  Rule  of  Three,  it  will  be — as  that  remainder  :  the 
adventure  : :  the  adventure  :  the  fum  to  be  infured. 

Example.  Adventure,  £,'Z^S' — Rate  of  infurance,  30  per 
cent. 


30 

^.315.  0. 0 

^4. 10. 0 

A.S  £,2to.  I  OS. 
20 

4410 

•  £'S^S 

::  ^.315  : 

20 

9M0 
20 

Rcmaixtf  220. 10.0 

6300 

io,oo 

.4410 

31500 
6300 
18900 

>)  1984500(450 
17640 

22050 
22050 

000000 


The  laft  operation  here  is  beft  done,  in  many  cafes,  by  de- 
cimal arithmetick  :  Thus, 

As  220,5  ••  315  '-  315 
315 


99225 


220,5  )  99225,0  (  450 
8820 

1 1025 
11025 

000000 
2  3,    Another 
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3.     Another  and  very  expeditious  way  is  as  follows  : 

Multiply  the  adventure  by  100  ;  and  divide  the  produ(5l  by 
1 00  lefs  the  rate  of  infurance,  (or,  the  difference  between  1 00 
and  the  rate  of  infurance)  and  the  quotient  will  ihew  tlie  fum 
to  be  infured, 

Examfk^  Adventure,  >C'3^5'  ^^-^  ^^  infurance  3^  p^f^^ 
cent. 

30  100 


70  )   31500  (  450 
28o-- 

0350 
350 

©000 


\  187  ] 
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Ic  Obfervaftojis  upon  an  Hypothejis  for  folving  the  PhenoHienn 
of  Light :  with  incidental  ObfervationSf  tending  to  Jheiif 
the  Heterogeneoufnefs  of  Lights  and  of  the  eleBric  Fluid,  by 
their  Intermixture^  or  TJnion^  ivith  each  other. 

By    JAMES    BOWDOIN,    Efquire, 
Frefident  of  the  American  Academy  of  Arts  and  Sciences, 

IN  reviewing fome  letters  I  had  written  to  a  philoibphical 
friend.  Dr.  Franklin,  there  eccurred  on  the  fubjecfl  of  one 
©f  them  feme  obfervations,  which  appeared  to  me  new.  They 
are  principally  contained  in  the  two  laft  of  three  memoirs, 
which  I  fliall  lay  before  the  Academy  :  to  whofe  judgment 
it  will  be  fubmitted,  wjiether  they  have  any  thing  befide  their 
novelty  to  recommend  them.  r 

i\s  they  v/crc  occafi-oned  by  cdnjfidering  "Dx.  Franklin  s  que- 
ries concerning  light,  the  fl:rid:ures  on  thofe  queries,  as.  being 
introdu(flory  to  the  obfervations,  Vv^Ill  make  a  part  of  theie 
memoirs. 

The  firit  memoir  will  accordingly  contain  a  few  ftricfrures, 
or  curfory  remarks,  on  his  hypothecs  for  folving  the  pheno- 
mena of  light  :  with  incidental  obfervations  concerning  the 
hetorogeneoufnefs  of  light,  and  the  eledric  fluid, 

Z  ^  It 


1 8  8  Mr, .  B  o  W  D  0  I-  N  *s   Ohfer-jathns 

It  is  offered  ill  full  confidence,  that  our  celebrated  country- 
man,  whofe  happy  genius  has  contributed  fo  largely  to  the  ad- 
vancement of  philofophic  knowledge,,  will  be  pleafed  with  any 
attempt  for  that  purpofe,  whether  fuccefsful  or  not>  even  though 
it  fhould  be  upon  principles,  that  may  not  perfedly  harmonize 
with  fome  of  his  own. 

The  Dodor,  dillatisfied  with  the  received  do(Slrine  concern- 
ing light,  offers  feveral  objedtions  to  it  in  the  form  of  queries  ^ 
and  in  the  fame  form  propofes  aa  hypothefis  of  his  own  :  boi'h 
of  which  will  be  con fidcred. 

With  refpe(fl  to  the  hypothelis,  it  is  afked—  '^  "  May  not 
all  the  phenomena  of  light  be  more  conveniently  folved,  by 
fuppofing  univerfal  ipace  filled  with  a  fubtle  elaffic  liuid,  which, 
when  at  reft,  is  not  vifible,  but  whofe  vibrations  affecfc  that 
fine  fenfe  in  the  eye,  as  thofe  of  air  do  the  groffer  organs  of 
the  ear  ?  We  do  not,  in  the  caieof  found,  imagine  that  any 
fonorous  particles  are  thrown  off  from  a  bell,  for  inffance,  and 
ily  in  ftraight  lines  to  the  ear  :  why  muft  we  believe  that  lu- 
minous particles  leave  the  fun,  and  proceed  to  the  eye  ?  Some 
diamonds,  if  rubbed,  fliine  in  the  dark,  without  lofing  any 
part  of  their  matter.  I  can  make  an  eledlrical  fpark  as  big  as 
the  flame  of  a-  candle,  much  brighter,  and  therefore  vifible  fur- 
ther ',  yet  this  is  without  fuel  :  and  I  am  perfuaded  no  part  of 
the  eleftric  fluid  flies  off  in  fuch  cafe  to  difl:ant  places,  but  all 
goes  directly,  and  is  to  be  found  in  the  place  to  which  I  defl:ine 
it. — May  not  different  degrees  of  the  vibration  of  the  above- 
mentioned  univerfal  medium,  occafion  the  appearances  of  dif- 
ferent colours  ?     I  think  the  eledric  fluid  is  always  tlie  fame  ; 

yet 

*  See  Letters  ajpd  Papers  on  PhllofophJcal  Subje^s.    p.  265.  edit.  1769. 
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yet  I  find  that  weaker  and  (Ironger  fparks  differ  in  apparent 
colour  :  Some  white,  blue,  purple,  red ; — the  ftrotigeft,  white  ; 
weak  ones,  red," 

Several  objedlions  here  prelent  themfelves.  Some  of  them 
ariling  from  the  hypothecs  itfelf ;  and  others  from  the  com- 
parifon  of  light  with  found. 

In  refped;  of  tiie  former,  if  univerfal  fpace  be  filled  with  a  fub- 
tle  elaftic  fluid,  .(fo  as  to  exclude  any  vacuum)  that  fluid  mufl; 
always  be  at.  reft,  and  therefore  by  the  hypothefis  always  invi- 
fible  ;  and  confequently  there  would  always  be  univerfal  dark- 
nefs.  Or  if  any  part  of  the  fluid  could  be  put  in  motion,  the 
whole  of  it  muft  be  in  motion  :  for  not  one  particle  of  it 
could  move,  without  moving,  in  the  dirc(5lion  of  its  motion, 
the  adjoining  one,  and  this  the  next ;  and  fo  on,  ad  infinitimi. 
In  this  cafe,  the.  leaft  motion,  wherever  it  might  commence, 
mufl:  produce  univerfal  motion  ;  and  confequently,  univerfal 
light  :  between  which,  and  univerfal  darknefs,  there. could  be 
no  medium » 

But  if-  the  meaning  of  the  exprcflion  be,  what  it  was  proba- 
bly intended  to  be,  that  univerfal  fp?.ce,  inftead  of  being  filled, 
doth  greatly  abound,  with  an  ela:(lic  fluid,  then  would  not  eve- 
ry thing,  which  diflurbed  that  fluid,  caufe  a  luminous  appear- 
ance ?  Would  not  the  inhabitants  of , the  fea  and  air,  in  all  their 
motions,  befpangle  both  ;  and  thereby  exhibit  the  various  co- 
lours according  to  the  different  degrees  of  vibration,  which 
thofe  motions  might  occafion  in  the  elaftic  fluid  ? — As  to  our- 
felves,  would  not  a  radiance  attend  ua  v/herever  we  went  ? 
What  occafion  fliould  we  have  of  candle-light,  when  a  quick 
vibration  of  the  hand,  or  of  machines  made  for  that  purpofcj 
would  difpel  the  night  ?     Or   rather,  might  we  not  fuppofe 

there 
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there  would  be  no  night  at  all  ?  for  the  ad;ion  of  the  fun  (if 
the  fun  ihould  be  necelTary) ,  would  be  communicated  to  us, 
notwithftanding  the  interpofition  of  the  earth.  And  would 
not  the  eiie(5t  of  that  ad:ion,  even  at  noon  when  moll  dired, 
be  only  to  enlighten  us,  unattended  witii,  heat/  ib  eflentially 
necelTary  to  enliven  and  invigorate  the  animal  r'and  vegetable 
world  ?•— Would  not  the  elaftic  fluid,  inftead  of  exhibiting  a 
round  luminous  body,  which  we  call  the  fun,  he  itfelf  a  con- 
tinued univerfal  blaze  of  light  ?  And  would  not  this,  in  the 
prefent  conftitution  of  things,  o'bilirudl  vifion,  and  totally  al- 
ter the  (ciQTict  of  optics  ? 

The  obje6tions,  implied  in  the  foregoing  queries,  feem  dedu- 
cible  from  the  hypothecs.  There  are  feveral,  which  appear 
to  arife  from   the  comparifon  of  light    with    found. 

I ""   As  found  (or  a  vibrating,  or  undulating,  motion  in  the  air, 
which  I  confider  here  as  fynonimous)  is  propagated  from  thefono- 
■rousbody  in  all  diredions  ;  and  fufrounds,  and  is  propagated  be- 
yond or  behind  any  obflacle  in  its  way  :  fo  light,  if  it  was  a  vi-  • 
bration,  or  undulation,  of  the  elaflic  fluid,  would  furround,  and 
be  propagated  behind  an  obftaclc,    like  found  :    but  this  does 
not  agree  with  the  fad. — 2°    As  found,  or  the  vibrating  mo- 
tion in  the  air,  originating  in   a  houfe  or   any  other  inclofure, 
would,  from  a  hole  in  one  of  the  fides  of  it,  be  propagated  ex- 
ternally, in   circles,  of  which  the  hole  would  be  the  centre  : 
fo  light,  if  it  was  a  vibration,  or  occafioned  by  a  vibration,  of 
the  elaftic  fluid,  after  paffing  through  a  liole,  would  be  propa- 
o-ated  in  circles,  of  which  the  hole  would  be  the  centre.     But 
this  doef  riot    correfpond  to  the  faift  :  for  light,   in  pafling 
through  any  uniform  medium,  alw^ays  pafl'es  ift  right  lines. 

Beflde 
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Befide  thefe,  an  objedion  fimilar  to  one  of  thofe,  which 
have  been  advanced  againfl  the  common  hypothefis,  and  v/hich 
may  be  feen  in  the  proper  place,  may  be  alledged  againfl:  this  : 
for  the  conftant  vibration,  with  which  the  elaftic  fluid  muil 
be  agitated,  would  communicate  to  fmall  bodies,  and  even  to 
large  ones  fufpended  in  that  fluid,  a  confbant  tremulous  vibra- 
tory motion.  In  fuch  a  cafe  it  would  be  difficult  to  examine  the 
texture  and  vifible  qualities  of  thofe  fniall  bodies,  as  one  necef- 
fary  mean  of  examination,  a  great  deal  of  light,  would  encreafe 
the  vibration  ;  and  thereby  render  the  examination  not  only 
difficult  but  impraaicable.  It  is  apprehended,  however,  that 
no  fuch  m.otion,  or  embarraflfment,  in  the  making  of  fuch  ex- 
aminations, has  ever  been  obferved. 

What  is  mentioned  about  the  eledlrical  fpark,that  it  is  bright, 
and  vifible  at  a  diflance,  and  this  without  fuel  j  and  that  no 
part  of  the  eledrical  fluid  flies  ofl^,  in  fuch  cafe,  to  diftant  pla- 
ces, but  all  goes  direftly,  and  is  to  be  found  in  the  place,  to 
v/hich  it  is  deftined,- appears  to  favour  the  hypothefis  ;  as  the 
implied  inference  feems  to  be,  that  the  vifibility  of  the  eledric 
fpark  arifes  from  the  vibration  it  produces  iit^  the  univerfal 
elaflic  fluid.  But  if  the  foregoing  queries  furnifh  luffici- 
ent  reafon  for  doubting  the  exiftence  of  fuch  a  fluid,  or  for 
doubting  fuch  an:  eSed  from  it,  fuppoflng  its  exifl;ence,  vv^ili 
they  not  furnifli  equal  reafon  for  doubting  the  hypothefis  ? 

The  vifibility  of  the  electric  fpark  m.ay  be  accounted  for,  up- 
on' the  pHnciples  of  the  received^  dodlrine  concerning  light, 
without  fuppofing  any  diminution  of  the  pure  eledric  fluid  in 
the  fpark  :  nd  pari  of  which,  it  is  faid,  flies  off 'in  the  cafe 
mentioned. 

It 
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It  fcems  not  improbable,  that  the  eledlric  fluid  is  heteroge- 
neous; as  well  as  light. 

The  heterogeneoufnefs  of  light  is  inferred  from  its  colours, 
which  are  faid  to  vary  pioportionably,    as  the  fize  of  the  parti- 
cles doth  vary  :  the  variation  becoming  confpicuous  by  a  prifm, 
and  bv  other  means,  which  clafs  the  particles  according  to  their 
refpecftive  magnitudes,or  degrees  of  refrangibility,and  reflexibility. 
Befide  this,  another  rcafon  may  be  fuggefted,  from  which  the 
heterogeneoufnefs  of  light  may  be  deduced  :    namely,  becaufe 
it  exhibits   effects  fnnilar  to  fome  of  thofe  of  eledricity.     For 
example,  a  globe  or  pane  of  glafs  warmed  in  the  fun  or  before 
a  fire,  will  fuccefllvely  attract  and  repel  fmall  cork  balls,  down, 
and  fuch  like  bodies  infulated,  and   properly  circumftanced  ; 
and  will  ihew  other  figns  of  electricity  communicated  to   the 
glafs  by  the  fun  or  fire. 

So,  in  regard  to  cledlricity,  its  heterogeneoufnefs  may  be  col- 
ledled  from  its  producing  effects  refembling  fbme  of  thofe  of 
light  or  fire  j   which  are  here  confidered  as  equivalent  terms. 

Electricity  and  fire  differ  in  many  refpecSs,  and  in  fome  they 
agree  ;  as  hath  been  fhewn  in  Dr.  Franklin  s  letters  on  elecftri- 
city.     So  far  as   they  agree  in  their  effe<5ts,  their  nature  may  be 
prefumed  to  be  alike  :     Or  rather,  from  that  agreement  and  fi- 
militude  of  effeds,  I  think  it,  may  be  inferred,  that  they  are 
mixt  with,  and  generally  do  accompany  each  other  i'  and  that 
each  produces  its  own  effed  at  the  time  of  their  joint  operation. 
The  effects  of  eledricity,  fimilar  to  thofe  of  fire,  being  pro- 
duced by  the  fire  mixt  with  it  ;  and  the  eifedts  of  fire,  refem- 
bling thofe  of  eledtricity,  being  produced  by  the  eledricity  mixt 
with  that  :    the   compound  taking  its  name  from  the  predo- 

jrninant  principle. 

Thus, 
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Thus,  fire  infiames  bodies,  and  throws  its  particles  or  light 
at  a  diftance.  Hence,  the  explofion  of  gun-powxier,  and  the 
luminous  appearance,  occafioned  by  the  eleftric  ipark  :  the  fire 
mixt  with-it  producing  thofe  effedts^ 

Thus  alfo,  ele<flricity  attradts  and  repels  certain  fmail  bodies 
alternately,  under  given  circumilances.  Hence,  the  alternate 
attradion  and  repulfion  of  glafs,  and  fome  other  things,  heated 
by  fire  :  the  elecStricity  mixt  with  the  communicated  fire  pro^ 
ducins:  thofe  efFed:Se 

In  this  way  I  would  infer  the  heterogeneoufnefs  of  light  and 
electricity,  and  their  mixture  with  each  other  ;  and  in  this  way 
account  for  the  fimiHtude  and  difference  of  their  effeCls  i  and 
for  the  luminous  appearance  or  vifibility  of  the  eledric  fpark  in 
particular,  without  diminidiing  the  pure  ele<5lric  fluid  contain- 
ed in  it  :  all  of  which,  in  the  cafe  referred  to,  is  faid  to  go 
dirc<5lly,  atid  is  to  be  found  in  the  place^  to  which  it  was  def- 
tined. 

On  the  fame  principles  the  fhiniag  •of  diamonds  in  the  dark 
when  rubbed,  and  thereby  eledrified,  may  be  accounted  for, 
without  fuppofing  they  loofe  any  piirt  of  their  matter. 

In  regard  to  the  different  colourc  of  the  electric  fpark,  which 
are  more  or  lefs  flrong  according  to  the  flrength  of  the  fpark, 
they  correfpond  to  the  different  colours  of  light  or  fire,  which 
are  more  or  lefs  vivid  according  to  the  denfity  or  intenfenefs  of 
that  element.  This  famenefs  of  effecl  /hews  a  famenefs  of 
caufe,  or  that  the  light  or  fire  mixt  with  the  electric  fpark  pro- 
duces thofe  colours  :  whofe  ftrength  or  vividnefs  being  accord- 
ing to  the  bignefs  of  the  fpark,  or  to  its  quantity  of  elediric 
fluid,  makes  it  probable,  that  in  proportion  to  the  quantity, 
there  is  more  or  lefs  light  or  fire  contained  in  that  fluid. 

A  a  Thefe 
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Thefe  different  appearances  feem  to  be  a  further  inftance  or 
proof  of  the  heterogeneoufnefs  of  the  elecflric  fluid  ',  and,  taken 
in  connedion  with  other  appearances  above-mentioned,  fhew 
the  intermixture,  and  the  confequent  heterogeneoufnefs,  of  the 
two  elements. 

The  next  thing  to  be  confidered  is,  the  objeftions  to  the  re- 
ceived dodrine  concerning  light. — But  this  will  be  the  fubjed: 
of  another  memoir. 
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11.  Obfervations  on  "Light,  and  the  Wajle  of  Matter  in  the 
Sun  and  fixt  Stars,  occafioned  by  the  conjiant  Efflux  of  Light 
from  them  :  with  a  ConjeBure,  prop  of ed  by  Way  of  ^ery, 
and fuggefting  a  Mean,  by  which  their  feveral  Syjiems  ?mght 
be  preferred  from  the  Diforder  and  fnal  Ruin,  to  which  they 
feem  liable  by  that  Wafte  of  Matter,  and  by  the  Law  of  Gra^ 
*uitation, 

5;/  JAMES    BOWDOIN,    Efquire, 
Prefident  of  the  American  Academy  of  Arts  and  Sciences. 

HAVING  in  a  preceding  memoir  laid  l)efore  the  Acade- 
my the  obfervations,  that  occurred  on  the  fubjed:  of  Dr. 
Franklin's  hypothefis  relative  to  light,  I  fliall  now  confider  his 
objecflions  to  the  received  dod:rine  concerning  it. 

The  objections  will  appear  by  the  following  paragraph  taken 
from  one  of  his  letters  on  philofophical  fubjeCts. 

**  I  mufi:  own,  fays  the  Doctor,-  I  am  much  in  the  dark 
about  light.  lam  not  fitisiied  with  the  do6trine,that  fuppofes 
particles  of  matter  called  light,  continually  driven  off  from  the 
fun's  furface,  with  a  fwiftnefs  fo  prodigious  !  Mufl  not  the 
fmallefl  particle  conceivable  have,  with  fuch  a  motion,  a  force 
exceeding  that  of  a  twenty-four  pounder,  difcharged  from  a  can- 

A  a  2  non  ? 

*   See  Letters  and  Papers  on  Philoiophical  Subjecfls.     p.  264.  edit.  1769. 

Juft  as  thefe  memoirs  were  going  to  the  prefs,  an  ingenious  gentleman  of  the 
j^merican  Ac-AA^mj,  favoured  me  with  the  Philofophical  Ti  anfadtions  for  1770, 
(the  60th  vol.)  in  which  the  Rev.  Dr.  Horf.ey,  in  a  paper  entitled,  "  Difficulties 
m^Q  Newtonian  Theory  of  Light,  confidered  and  removed,"  quotes  this  pa/Tage 
from  Dr.  Franklin's  letters  ;  and  very  ingenioufly  difcuffes  the  queftions  ccntained 
in  it. 

The  fubje<5l  being  confidered  in  that  paper,  upon  principles  different  from  thofe 
adopted  in  this  memoir,  there  will  not  be  found  any  fimilitude  betwees  them. 
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non  ?  Mufl  not  the  fun  diminifli  exceedingly  by  fuch  a  wafte: 
of  matter  ?  and  the  planets,  inflead  of  drawing  nearer  to  him,, 
as  feme  have  feared,  recede  to  greater  dillanees  through  the 
lefTened  attradtion  ?  Yet  thefe  particles,  with  this  amazing  mo- 
tion, will  not  drive  before  them,  or  remove,  the  leaft  and  light- 
efl  duft  they  meet  with  :  and  the  fun,. for  aught  we  know,  con- 
tinues of  his  ancient  dimenfions  ;  and  his  attendants  move  in 
their  ancient  orbits," 

The  Dodtor's  diffatisfiiclion  with  _  the  received  doctrine,  is 
founded  on  two  cbjecftions  implied  in  his  queries,  and  v/hich 
may  be  exprelTed  in  the  following  propofitions, 

I " '  That,  fuppofing  the  doctrine  true,  the  fmalleft  particle 
of  light  mufl  be  driven  to  us  with  prodigious  force,  a  force  ex- 
ceeding that  of  a  twenty-four  pounder,  difcharged  from  a  can- 
non.    But  this  is  contrary  to  fad:. - 

2°°  That  the  fun  mufl:  be  exceedingly  diminiilied  by  fuch  a 
wafle  of  matter  j  and  the  planets,  in  confequence  of  it,  mufl 
recede  to  greater  diftances  from  him.  But,  for  aught  we  know, 
feoth  the  fun  and  the  planets,  continue  in  their  ancient  flatc. 
From  thefe  propofitions  it  is  implicitly  inferred,  that  the 
doftrine  is  not  well  founded. 

Among  the  obfervations  on  the  fecond  propofition,  an  hypo- 
ihelis  will  be  propofed,  by  way  of  query,  fuggefting  a  mean, 
whereby  the  material  fyflem,  colledlively  taken,  might  be  pre- 
ferved  from  the  diforder  and  ruin,  to  which  they  feem  liable 
from  caufes  hinted  at  in  that  propofition. 

In  regard  to  the  objection  contained  in  the  firft  propofition, 
it  adopts  the  idea,  that  light,  like  any  other  body  in  motion, 
will  flrike  with  a  force  proportioned  to  the  degree  of  its  mo- 
tioa  ;  which  degree  of  jngtion,  or  the  celerity,  multiplied  by 
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the  quantity  of  matter  in  the  body,  will,  in  the  refult,  exprefs 
its  force  or  momentum. 

If,  then,  we  can  fuppofe  the  quantity  of  matter  in  a  particle 
of  light  to  be,  not  indeed  abfolutely,  but  comparatively,  o,  its 
momentum  Vvill  alfo  be  comparatively  o  ;  and  it  can  have,  in 
that  cafe,  no  vifiblc  efFed  on  the  fmallell  particle  of  dufl  to 
remove  it. 

Let  us  now  confider  what  reafon  there  is  for  fuch  a  fuppofi- 
tlon.  In  order  to  that,.  I  beg  leave  to  introduce  here,  a  para- 
graph from  one  of  my  letters  to  "Dx,  Franklin,  printed  with 
his  letters  and  papers  on  philofophical  fubjedls.  It  runs  thus,* 
**  The  flame  of  a  candle,  it  is  faid,  may  be  iQ,^v\.  four  miles 
round.  The  light,  diifufed  through  this  circle  of  eight  miles 
diameter,  was  contained,  before  it  left  the  candle,  within  a 
circle  oi  half  an  inch  diameter.  If  the  denfity  of  light,  in 
thefe  circumflances,  be  as  thofe  circles  to  each  other,  that  is, 
as  the  fquares  of  their  diameters  (or,  which  is  equivalent,  if 
the  denfity  decreafes  as  the  fquare  of  the  diftance  or  femi-di- 
ameter  increafes)  the  candle-light,  when  come  to  the  eye,  will 
be  1027,709,337,600  times  rarer  than  when  it  firfl  quitted  the 
half- inch  circle.  Nov/  the  aperture  of  the  eye,  through  which 
the  light  pafies,  does  not  exceed  one-tenth  of  an  inch  diameter, 
and  the  portion  of  the  lefs  circle,  which  ccrrefponds  to  this 
fmall  portion  of  the  greater  circle,  mull  be  proportionably, 
that  is,  1027,709,337,600  times  lefs  than  one-tenth  of  an 
inch  :  and  yet  this  infinitely  fmall  point  (if  you  will  allow  the 
cxprecTion)  affords  light  enough  to  make  it  vifible  :  or  rather, 
affords  light  fufiicient  to  aifed  the  fight  at  that  diilance," 

If 
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If  the  calculation,  referred  to  in  that  paragraph,  be  juft  f  and 
we  fliould  fuppofe  a  fingle  particle  of  light,  though  incompa- 
rably fmaller,  to  be  in  bignefs  equal  to  that  point,  I  would  afk, 
whether  the  quantity  of  matter  in  fuch  a  particle  would  not 
be  fmall  in  a  greater  degree  than  its  velocity,  equal  to  that  of 
the  fun's  light,  would  be  great  ?  If  fo,  a  particle  of  light  in 
motion,  agreeably  to  the  foregoing  fuppofition,  may  be  here 
eftimated  o,  and  its  momentum  not  fufficient  to  remove  the 
lighteft  dull: ;  much  lefs  to  do  as  much  execution  as  a  twenty- 
four  pounder,   difcharged  from  a  cannon. 

It  is  impofnbie  to  calculate  die  momentum,  where  the  re- 
quifite  data  cannot  be  had  :  but  fuppofing  the  candle-flame 
equal  in  bulk  to  a  fphere  of  half  an  inch  diameter,  and  to  weigh 
as  much  as  an  equal  bulk  of  air,  viz.  about  one  thirtieth  part 
of  a  grain  ;  though  in  fad  its  gravity  is  incomputably  lefs  than 
.  that  of  air  :  then  the  fquare  aforefaid  will  exprefs  the  propor- 
tion, in  which  the  denfity  of  the  candle-light  is  diminiilied  at 
the  verge  of  the  greater  circle  :  and  the  fame  proportion  of  one 
thirtieth  of  a  grain  willexprefs  the  weight  of  that  light  at  the  verge, 
viz.  one  30,8  3  i.,28o,  128,000th  part  of  a  grain  ;  which  we  will 
confider  as  the  weight  of  a  fingle  particle  of  the  fun's  light.  If 
the  velocity  of  light  be  at  the  rate  of  80,000,000  miles  in  fix 
minutes,  then  its  velocity  will  be  222,222  miles,  equal  to 
14,079,985,920  inches,  in  a  fecond.  This  number  of  inches, 
-divided  by  30,831,280,128,000,  the  fuppofed  particles  in  a 
grain,  will  fhew  the  degree  of  motion  required  in  a  body  weigh- 
in  o-  one  grain  to  give  it  a  momentum,  equal  to  that  of  a  parti- 
cle of  liuht,  upon  the  hypothecs  affumed  :  which  motion  will 
be  456  millionth  parts  of  an  inch  in  a  fecond,  equal  to  one  inch 
in,2i9o  fecondsjor  thirty  fix  n.inutesand  an  half  5  and  is  much 
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ilower  than  the  hour-hand  of  a  common  clock  :  which,  with 
its  greater  degree  of  motion,  and  much  greater  quantity  of  mat- 
ter, does  not  give  to  the  fmalleft  bodies,  placed  in  its  way,  any 
vifibie  motion. 

Preci'ion  in  this  calculation  is  not  aimed  at,  and  the  nature 
of  the  fubjedt  does  not  admit  of  it  :  but  it  is  apprehended,  it 
will   appear  fufficiently  evident  from  it,  that  light,  even  if  its 
velocity  were  much  greater  than  it  is,  and  its  gravity  equal  to 
that  of  air,  to  which,  with  great  difadvantage  to  the  argument, 
it  has  been,  in  that  refpecl,  compared,  cannot  drive  before  it 
the  lightefl  duft,  or,  indeed,  give  it  any  fenfible  motion  at  all. 
To  the  fame  purpofe  it  may  be  further  obferved,  that  light 
refleded  to  the  eye  through  a  microfcope  and  prifm,  would,  it 
is  apprehended,  exhibit   the  fame  variety  of  colours,  as  light 
coming  diredly  from  the  fun.     In  which  cafe,  the  ray  fo  \'iew- 
ed,   (like  the  candle-ray,  which  has  been  confidered  as  a  fmgle 
particle  only)  muft  be  comnofed  of  a  multitude  of  particles  ; 
and   be  a  proof,   that  the  particles  of  light  are  inconceivably 
fmailer  than   the  -  calculation  fuppofes.    .  This  degree  of  fmall-- 
nefs,  however,  reprefents  them  to  be  of  great  magnitude,  com- 
pared with  their  real  fize-:  for  when  we  confider,  that  the  fun's 
light  is  djlfufed  through  the  whole  fokrfyilem,  and  much  be-- 
yond  it  ;  and  that  a  part  of  it,  in  that  antenuated  flate,  is  re- 
fleaed  to  us  froi"ii  the  planets,  in  which  refleclion  it  undergoes, 
by  its  divergence,  a  further,  and  an -extreme,  attenuation  :  and 
efpecially  when  we  confider  the  immenfe  fphere,  throughout 
which  the  light  of  the  fixt  flars  is  vilible,  particularly  thofe  of 
them,  who.e  diftance  is  fo  vaft,  that,  at  oppofite  points  of  the 
earth's  orbu,  they  have  no  fenlible  parallax— the  divifibility  of 
li-ht,  aud  :  ,-  proportionable  tenuity  of  its  particle^,  confound. 
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the  imagination  ;  and  render  human  calculation  inadequate  to 
exprefs  the  prccife  degree  of  them,  or  the  inconfiderablenefs  of 
the  momentum  of  thofe  particles. 

This  inadequatenefs  is  particularly  applicable  to  the  forego- 
ing calculation  :  which  was  purpofely  made  on  the  difadvanta- 
geous  principles  aflumed  in  it,  to  fhew,  that  even-  on  fuch  prin- 
ciples, the  momentum  of  light  could  produce  no  vilible  mo- 
tion in  the  fmalleil  bodies,  that  fall  under  our  notice.  But  had 
the  calculation  been  founded  on  the  ftate  of  the  fun's.,  light  re- 
■fledted  from  one  of  the,  planets,  for  inftance,  the  Georgium 
Sidus,  lately  difcovered  by  Mr.  Hcrfchell,  the  refult  would 
have  been  widely  different  ;  and  we  fliould.  in  that  cafe,  have 
had  a  jufler  idea  of  the  momentum.  The  light  reflected  to  the 
earth  from  that  planet^  w?iofe  mean  diflance  from  the  iim  is 
iiiid  to  be  5,000,000,000  miles,  is  fo  extremely  attenuated, 
that  the  momentum  of  a  particle  of  it,  transferred  to  a  body, 
weighing  a  millionth  part  of  a  grain,  Vv^ould  communicate  to 
it  fo  fmall  a  degree  of  motion,  that  it  would  require  millions 
oi  ages  for  that  body  to  move  the  diminutive  part  of  an  inch 
mentioned  in  that  calculation. 

If  thefe  obfervations  be  juft,  it  is  apprehended  they  fhew, 
with  fome  degree  of  evidence,  that  a  particle  of  light,  notwith- 
ftanding  its  prodigious  velocity,  cannot  by  its  impulfe  remove 
other  bodies,  or  difplace  even  the  fineft  microfcopic  dufl ;  and 
that  the  dodrine  objeded  to,  may  be  true,  not  with  {landing  the 
the  firft  of  the  two  objedions,  which  have  been  made  to  it. 

The  fecond  propofition,  containing  the  other  objcdlion,  is, 
that  in  cafe  there  are  particles  of  matter,  called  light,  conti- 
nually driven  off  from  the  fun*s  furface,  the  fun  muft  be  ex- 
ceedingly diminifhed  by  fuch  a  wafle  of  matter  %  and  the  pla* 
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nets,  in  confequence  of  it,  mufl:  recede   to  greater  diftances 
.'from  him,  through  the  le-Tened  atiraClion. 

Here  I  beg  leave  to  oblerve,  that  if  the  material  fyflem,  in 
its  prefent  form,  was  not  intended  by  its  Creator  to  be  perpe- 
tud,  then  the  wafte  of  the  fun's  matter,  and  the  confequent 
duorder  in  the  fyflem,  arifng  from  the  altered  ftate  of  its  gra- 
vitation, will  only  be  a  pioof  of  that  intention  ;  and  not  ope 
rate  againfi;  the  truth  of  the  dod:rinc„ 

That  fyflem,  like  every  other,   derived  from  the  fame  origi- 
■nal,  doubtlefs  has  within  itfeif  the  means  of  continuing  in  its 
prefent  form,  until  the  great  and  wife  purpofes  of  its  Author 
lliall  be  brought  into  effed,  and  compleatly  anfwered. 

With  refpedl:  to  the  folarfyfrem,  fo  far  as  its  continuance  de- 
pends on  the  fun,  it  feems  calculated,  notv/ithilanding  the  fup« 
pofed  wafte  of  the  fun's  matter,  to  lafl  for  many  ages  :  for  the 
fun,  by  reafon  of  its  prodigious  bulkj  and  the  divifibility  of 
its  matter,  mufl,  from  its  own  internal  fources,  furnifh  light 
to  the  fyflem  through  a  long  tra6l  of  time,  without  being  fen- 
fibly  diminiflied.  If  thofe  eccentric  bodies,  called  comets, 
which  liave  been  thought  intended  to  recruit  the  fun's  wafle  of 
matter,  do  in  fad:  anfwer  that  purpofe,  provifion  is  then  made 
for  the  prefervation  of  the  fyflem,  at  leafl  until  thofe  bodies 
fhall  have  all  fucceiiively  fallen  into  the  fun,  and  been  expend- 
ed. When  that  fhall  happen,  if  there  be  provided  no  further 
means  of  recruit,  the  fyflem  will  begin  to  decay,  and  finally  be 
reduced  to  a  chaotic  flate  :  from  whicli,  like  our  earth,  it  may 
be  reflored  in  fome  new  form,  to  anfwer  the  further  purpofes  of 
the  Creator.  I  mention  our  earth,  as  in  the  Mofnic  account  of 
it,  its  original  is  defcribed  in  fuch  a  manner,  as  to  give  us  the 
idea  of  its  having  been  an  old  planet,  by  fome  means  or  other 
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reduced  to  a  chaos  j  from  which  it  was  j^enovated,  and  made 
fuitable  for  the  purpofes,  to  which  it  has  been  apphed. 

There  is  nothing  unreafonable,  or  improbable,  in  that  idea  : 
and  if  the  earth  was  fo  renovated,  it  may  be  inferred  from  ana- 
logy, that  in  cafe  the  preient  fyflem  ihould  go  to  decay,  a  new 
one,  and  perhaps  a  fuperior  one,  would  arife  from  its  ruins. 

Thefe  obfer  vat  ions  are  founded  on  the  idea  of  the  wafle  of 
the  fun's  matter,  and  its  final  diiTolution,  with  that  of  the  fyf- 
tem  depending  upon  it  :  whether  gradually  occafioned  by  that 
wafle  of  matter,  or  more  rapidly  brought  on  by  the  gei>eral  law 
of  gravitation.  In  this  view  of  things,  the  objecftion  does  not 
militate  with  the  dodrinc. 

But  perhaps  it  may  be  thought  more  philofophical,  and  that 
it  would  better  comport  with  our  ideas  of  the  wifdom  of  the  Cre- 
ator to  fuppole,  that  w^hen  he  created  the  fyflem,  he  intended  it 
ihould  be  a  permanent  one  ;  and  at  the  fame  time  furnifhed  it 
with  the  means  of  its  ow^n  prefervation.  In  which  cafe,  may 
it  not  be  further  fuppofed,  particularly  with  regard  to  the  efflux 
of  light  from  the  fun,  by  v/hich  its  matter  is  conceived  to  be 
wafled,  that  he  provided  means,  whereby  the  effluent  particles, 
after  anfwering  the  purpofe  of  their  efflux,  fhould  be  returned 
to  the  fun,  to  anfwer  again,  in  a  conftant  fuccefTion,  the  lame 
purpofe. 

I  do  not  know,  whether  the  hypothefis,  fuggefied  in  the 
following  queries,  and  relative  to  that  fubje(5t,  be  admiffible,  or 
not.     It  is  however  offered  for  confideration. 

It  was  primarily  and  fpecially  intended  to  fuggefl  a  mean  for 
preventing  the  ruin,  to  which  the  material  fyflem  feems  liable 
from  the  general  principle  of  gravitation  :  but  the  fame  mean 
may  poffibly  be  applied  to  reftore  to  the  fun,  in  a  regular  fuc- 
cefTion 
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ceffion,  its  ciliuent  light ;  and  thereby  obviate  the  evil  efteds, 
thiit  miiiht  otherwife  follow  from  the  efflux. 

Is  it  not  conceivable,  that  round  the  folar  fyftem,  and  the  fe- 
veral  fyftems,  which  compofe  the  vifible  heavens,  there  might 
have  been  formed  a  hollow  fphere,  or  orb,  made  of  matter  fui 
generis,  or  of  matter  like  that  of  the  planets,  and  furrounding 
the  whole  :  having  its  inner  or  concave  furface  at  a  proper  dif- 
tance  therefrom  ;  beyond  which  furface  light  could  not  pafs, 
and  between  which,  and  the  particles  of  light,  there  fhould  be 
a  mutual  repullion  ?  And  might  not  the  fun,  or  fource  of  light, 
of  each  fyilem,  have  been  fo  placed,  in  refpecft  of  each  other, 
and  the  concave  furface  of  the  furrounding  orb,  that  there  fhould 
be,  by  dired:  and  repeatedly  indirect  refledions,  an  interchange 
of  rays  between  them,  in  fuch  a  manner,  as  that  to  each  there 
fliould  be  reftored  the  quantity  it  had  emitted  y  and  thereby  the 
wafte  of  its  matter  be  prevented  :  and  this  at  the  fame  time  it 
difpenfed  its  light  to  its  particular  fyftem  ? 

This  ufe  of  fuch  an  orb  is  here  meant  to  be  confidered  as  a 
iecondary  or  incidental  one  5  to  which  it  might  be  applied  : 
but  the  principal  or  primary  uie  of  it,  as  a  counter-balance  to 
the  gravitating  principle  of  the  fyflems  contained  within  it,  will 
be  feen  in  its  proper  place. 

There  is  a  remarkable  phenomenon  in  the  folar.  iyftem,  to 
which  the  ideal  one,  juft  mentioned,  bears  forae  refemblance, 
and  by  v^^hich  it  was  faggefted  :  I  mean  the  ring  or  arch,which 
■furrounds  the  planet  Saturn.  We  are  told  by  aftronomers,  that 
its  v/idth,  and  alfo  its  diftance  from  Saturn,  is  about  25,000 
miles  i — forming  around  that  planet  a  beautiful  arch,  which 
may  be  defigned,  among  other  purpofes,  to  increafe  its  light 
and  heat,  by  refle6:ing  upon  it,  like  a  concave  mirror,  the  fun's 
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rays  :  of  which,  by  reafon  of  its  great  diilance  from  the  fun^ 
it  would  not  otherwife  have  had  a  fufficient  quantity. 

If  Saturn  were  a  luminous  body  per  fe,  and  the  arch,  (made 
of  fuitable  matterj  and  properly  conflruded,  for  the  purpofs) 
entirely  environed  it,  the  whole  quantity  of  light  emitted  from 
it,  would  be  rcfiedled  back  3  and  no  wafte  of  its  matter  arife 
from  that  emiillon.  The  fame  kind  of  hollow  fphei-e  or  orb, 
furrounding,  for  inftance,  the  folar  fyflem,  would  anfwer  the 
fam.e  purpcfc.  Its  iwn^  being  in  the  centre  of  the  orb,  would 
have  all  its  light  reverberated  back  to  it  :  except  the  .compara- 
tively fmall  quantity  intercepted  by  the  planets  :  a  great  part 
of  which  quantity  would,  by  dire<fl:,  andindiredl:  reflections,., be 
returned  to. the  iww  y  and  a  quantity  equal  to  the  remainder,  fcr/ 
means  of  vo-lcanoes,  and  other  internal  .fires  in  the  planets, 
might  be  thrown  off  from  them,  and  conveyed  to  the  fun. : 
whereby  the  equilibrium  of  the  whole  might  be  prelerved. 

Such  an  orb  for  a  fmgle  fyilem  appears-  fimple  and  plain.  ^ 
andfuch  an  one  for  the  whole  choir  of  fyflems,  though  fecm- 
ingly  more  complicated,  m.ightfyet  appear  equally  fuitable  for 
the  purpofe,  when  its  ilrudture,  and  the  laws  and  principles 
which  governed  it,  and  alfo  the  fituation  of  the  feveral  fyilems 
relative  to  it,  and  to  each  other,  fhould  become  known. 

Its  fUipendous  extenfion  would  be  no  objection  to  the  fup- 
pofition  of  its  reality  :  for  if  the  convenience  and  pleafure  of 
the  inhabitants  of  Saturn  were  a  fufficient  reafon  for  furnifhing 
that  planet  with  its  mafly  ring,  the  prefervation  of  fuch  a  choir 
of  fyftems,  with  the  aftonifhing  multitudes  of  their  inhabitants, 
would  juflify  and  fuiiiciently  lupport  the  fuppofition  of  fuch  an 
orb  :  efpecially  when  it  is  confidered,  that  befides  anfwering 
the  grand  purpofe  of  preferving  thofe  fyilems,  it  might,  per- 
haps 
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Jiaps  like  Saturn's  ring,  be  provided  on  both  fides  of  it,  with  am- 
ple means  of  making  it  a  fuitable  place  for  habitation  :  the  habi- 
tation of  myriads  of  millions  of  animate  beings,  equal  or  fuperior 
to  thofe,  whicli  people  our  planetary  fyftem. 

Beyond  that  orb,  at  proper  diftances,  it  is  conceivable,  there 
might  be  other  concentric  orbs,  equally  fuitable  for  habitation, 
and  alike  inhabited  ;  including  v/ithin  them  innumerable 
fyilems  of  planets,  refembling  the  folar  fyftem,  and  like  that 
animated,  and  adorning  the  infinite  expanfe. 

To  tliis  hypothefis  objed:ions  may  be  made,  and  fuch  as  might 
prove  it  to  be^  like  many  an  one  which  has  preceded  it,  a  mere 
philofophical  revery.  But  before  it  be  ranked  in  that  clafs,  I 
would  aik,  whether,  if  there  be  no  fuch  orb,  nor  any  thing 
to  anfwer  a  like  purpofe,  the  law  of  gravitation,  that  univerfal 
law,  on  which  the  pliilofophy  of  the  ivniTiOTtANewtoji  is  found- 
ed ;  by  v/hich,  v/ith  fuch  admirable  fagacity,  he  has  explained 
the  phenomena  of  material  nature  j  and  on  v/hich  he  makes  its 
prefervation  depend,  will  not  finally  bring  on  its  diflblution  ? 
Or  rather,  whether  the  operation  of  that  lav/  v/ould  not  lon<r 
ago  have  brought  it  on  ? 

The  fun  of  our  planetary  fyftem,  and  the  funs  (called  fixt 
ftars)  of  otlier  iyftems,  and  therefore  the  fyflems  themfelves, 
do  probably,  according  to  agronomical  obfervations,  pofiefs 
the  fame  relative  place  3  or  are,  in  refpe(5l  of  each  other,  fixt. 
But  how  are  the  exterior  fyftems  (fuppofing  the  v/hole  not 
boundlefs)  prevented  from  approaching  towards  the  common 
centre  of  gravity  :  from  which,  if  ^  they  have  no  revolution 
round  it,  (which  the  like  obfervations  make  probable)  they 
cannot  be  kept  by  a  projedile  or  centrifugal  force  ?  Mufl  they 
not  conflantly  by  that  lav/  be  drawn,  with  an  accelerating  mo- 
tion. 
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tion,  towards  that  centre  ;  and  finally,  with  the  whole  choir 
of  !^yftems,  directed  by  that  law,  arrive  at  it  with  fucceffive 
tremendous  craflies,  until  the  deflrudlion  of  the  whole  would 
be  compleated  ?  And  could  any  thing  but  the  interpofition  of 
the  Power  which  created  them,  prevent  it  ?* 

If  fuch  a  cataflroplie  would  be  the  efteA  of  that  law,  would 
it  not  demonftrate  the  wifdom,  and  forefight  of  the  Creator,  to 
fuppofe,  he  provided  the  means  of  counterading  that  effed:  at 
the  fame  time  he  ordained  the  law  ?  And  among  the  poffible 
means  of  doing  it,  is  it  not  conceivable,  that  a  hollow  fphere 
or  orb,  analogous  to  that  above-defcribed,  might  be  one  ? 

It  has  been  fuggeiled  In  what  way  fuch  an  orb  might  pre- 
vent the  gradual  wafle  and  decay  of  the  material  fyflem.  Let 
ns  now  fee,  whether  it  might  not  be  applied  to  prevent  the 
■fwifter  and  more  dreadful  cataftrophe,  to  which  the  law  of  gra- 
vitation, in  certain  circumflances,  feems  capable  of  fubjeding 
that  iyflem. 

The  defcribed  orb,  like  every  other  body,  would  polTefs  the 
gravitating  principle,  in  proportion  to  its  quantity  of  matter  : 
■which,  in  different  parts  of  the  orb,  might  be  more  or  lefs 
denfe,  as  the  effed;,  intended  to  be  produced,  might  require. 
Where  a  ftrong  attractive  power  might  be  necelTary,  the  den- 
fity  would  be  greater  ;  and  fo,  vke  ve?fd  :  and  to  affifl  or  co- 
operate with  it,  a  magnetic  power  might  be  fuperadded. 

Thus 

*  Mr.  Whtfton  ohkvxesy  "  It  is  b)^  no  means  impoffible,  that  all  the  bodies  in 
the  univerfc  ftould  approach  to  one  another,  and  at  lafl  unite  in  the  common  centre 
of  gravity  of  the  entire  fyftem  :  nay,  from  the  unlverfallty  of  the  law  of  gravita- 
tion, and  the  finitenefs  of  the  world,  in  length  of  time,  except  a  miraculous  power 
interpofe  and  prevent  it,  it  mua  really  happen."  Difcourfe  mtroduaory  to  his 
Theory,    p.  38. 
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Thus  conilituted,  and  furnifhed  with  thofe,  and  other  need- 
ful qualities,  and  furrounding  the  whole  vifible  choir  of  fyftems, 
might  not  the  orb,  by  the  principle  of  gravitation,  either  alone 
or  aflifled,  keep  thofe  fyftems  next  to  it,  from  being  drawn  to- 
wards the  centre  of  gravity  by  their  own,  and  the  mutual  ac- 
tion of  the  interior  fyftems  ?  And  might  not  thofe  feveral  {yf- 
tems  be  fo  placed,  and  the  denfities  of  the  bodies  refpedively 
belonging  to  them,  with  the  denfities  of  the  furrounding  orb, 
and  confequently  their  mutual  gravitating  power,  be  fo  regulat- 
ed, and  adjufted,  as  to  keep  them  all  at  the  dif lance  affigned 
them  ;  and  forever  prevent  their  approximating,  either  to  the 
centre  of  the  general  fyftem,  or  to  its  furrounding  orb  :  all  of 
them  together  thus  conflituting  an  undecaying  permanent 
whole  ? 

It  has  been  obferved  by  philofophers,  "  that  a  body  placed 
any  where,  within  a  hollov/  fphere,  which  is  homogeneous,, 
and  every  where  of  the  fame  thicknefs,  will  have  no  gravity, 
wherefoever  it  be  placed  :  the  oppofAe  gravities  always  precifely 
deflroying  each  other."*  But  that  obfervation  cannot  be  ap- 
plied to  tne  hollow  fphere  or  orb,  above-defcribed  :  for  by  the 
defcription,  it  is  not  homogeneous. — Nor  need  it  be  of  equal 
thicknefs  :  which,  however,  is  a  circumftance  of  no  eonfider- 
ation,  if  equal  thicknefs,  with  different  degrees  of  denfity  in 
different  parts,  would  anfwer  the  purpofe. 

The  phenomena  of  nature,  upon  the  fuppofition  of  fuch  an 
orb,  would  probably  be  the  fame,  cceteris  paribuSy  as  now  take 
place.  Whether  that  fuppofition  be  fupported  by  phenomena, 
and  what  other  foundation  there  is  for  it,  will  be  the  fubjed  of 
a  future  memoir, 

*  Chamhers^s  Cyclop3edia,  under  the  word  GraYlty, 
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III.  Ohfervations  tending  to  prove ^  hy  Fhcrnomena  and  Scrip-' 
ture,  the  Exijhnce  of  an  Crby  ivhich  Jurrounds  the  whole 
'vijible  material  Syjiem  ;  and  ivhich  may  be  nccejfary  to  pre-- 
ferve  it  from  the  Ruin,  to  ivhich,  without  fiich  a  Counter- 
balance,  it  feems  liable  by  that  univerfal  Principle  in  Matter, 
Gra'jitation. 

By    JAMES    B  O  W  D  O  I  N,    Efquire, 
■  Trefdent  of  the  American  Academy  of  Arts  and  Sciences. 

T  the  concluiion  of  a  memoir,  entitled,  ^*  Ohfervations 
on  Light,  &c."  which  I  have  had  the  honour  to  lay  be- 
fore the  Academy,  it  vt^as  intimated,  that  there  are  phenomena 
in  nature,  and  other  evidence,  tending  to  prove  the  exijftence 
of  an  orb,  that  furrounds  the  Vv^hole  vifible  material  lyflem. 
The  evidence  is, — phenomena  and  fcripture. 
The  phenomena  are, — the  luminous  girdle  in  the  blue  ex- 
panfe,  called  the  Milky  Way  ; — other  luminous  appearances  in 
it  i  and  the  expanfe  itfelf. 

In  regard  to  the  luminous  girdle,  or  Milky  Way. — This 
phenomenon  has  been  fuppofed  to  refult  from  the  combined 
luftre  of  infinite  multitudes  of  ftars,  too  diftant  to  be  diflindly 
vifible.  But  although  it  be  obferved  through  telefcopes,  that 
there  is  a  great  number  of  ftars  in  the  Milky  Way,  on  which 
circumftance  the  fuppofition  is  founded,  they  appear  as  ftars  fet 
in  it  ;  diflinguifhable  from  it ;  and  not  contributing  to  form 
the  phenomenon. 

The  fuppofition  not  only  difagrees  with  the  appearance,  but 
is  inconfiftent  with  every  philofophical  idea  concerning  thofe 
rflarso     They  are  reprefented  to  be  funs  j  each  having  its  fyf- 
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tern  of  planets  revolving  round  it  y  and  confequently  requiring 
a  fpace  proportioned  to  their  number,  and  the  extent  of  their 
iyftems  :  which  fpace,  for  fuch  multitudes  of  them  as  the  fup- 
pofition  implies,  mufl:  be  beyond  conception  immenfe  :  and 
through  which  they  mufl  therefore  be  difperfed  at  fuch  diflances, 
that  comparatively  few  of  them  could  be  vifible  by  us  ;  and 
that  the  whole  together  could  not  blend  their  light  to  caufethat 
phenomenon. 

On  the  contrary,  the  phenomenon  flrikes  us,  as  it  may  be 
fuppofed  fuch  a  luminous  girdle  would  ftrike,  if  its  light  were 
refledled  from  the  concave  furface  of  afar  diftant  orb  :  to  which, 
©n  the  hypothecs  alTumed,  it  had  been  propelled  from  the  nu* 
merous  fyflems,  which  the  orb  enfolds. 

The  {ame  idea  is  fuggefled  by  the  different  degrees  of  its 
light,  from  a  fmall  light  to  a  faint  fcarceiy  difcernible  one  ;  by 
the  frequent  interruptions  of  it ;  and  by  the  large.chafm,  which 
for  a  confiderable  fpace,  makes  the  girdle  appear  double,  and 
very  irregular. 

Thefe  appearances  may  be  occafioned  by  the  fituation  of  the 
earth  in  refpe6l  to  thofe  parts  of  the  orb,  from  which  certain 
cones  of  light  (prefently  to  be  explained)  are  remedied  -,  and 
by  the  particular  conflrudion,  and  configuration  of  thofe  parts  ; 
by  m.eans  of  which  thofe  cones  are  broken,  and  irregularly  re- 
fledled  to  the  earth  :  whofe  different  fituations  in  its  orbit,  by 
reafon  of  its  great  diilance  from  the  orb,  would  occafion  no  fen- 
fible  difference  in  the  appearance. 

With  refped:  to  the  other  luminous  appearances  in  the  con- 
cave expanfe,  I  beg  leave  here  to  introduce  feveral  obfervations, 
upon  that  fubjedl,  from  two  authors,  who  have  diilinguifhed 
themfelves  in  the  aftronomical  branch  of  fcience, 

e  c  Cnt 
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One  of  them,  Dr.  Smithy  in  his  Syftem  of  Optics,*  obferves/ 
that  "  Hugeniusy  in  the  year  1656,  looking  by  chance  through- 
a -large  telefcope,  at  three  fmall  flars,  very  clofe  to  one  another, 
in  the  middle  of  Orion's  Sword,  faw  feveral  more  as  ufual. 
But  the  three  little  ftars  very  near  one  another,  (marked  6  by 
"Bayer)  together  with  four  more,  fhone  out  as  it  were  through 
a  ivhitlfj  cloudy  much  brighter  than  the  ambient  Jky  :  which 
being  very  black,  caufed  that  lucid  part  to  appear  like  an  aper-* 
turey  which  gave  a  profpe5i  into  a  brighter  region.  He  viewed 
it  many  time,  and  found  it  continued  in  the  very  fame  place, 
and  of  the  fame  fhape  as  the  figure  reprefents  j  [See  plate  XL 
fig.  8.]  and  called  it  Protentum  cui  certs  Jitnlle  aliud  ntifquam 
apud  reliquas  Jixas  potuit  .animadvertereJ ' 

Kfc  aifo  obferves,  that  *'  in' the  Philofophical  Tranfadions,:}^ 
there  is  an  account  of  a  later  difcovery  of  Jive  more  fuch  lucid 
fpots,  though  lefs  confiderable  than  this  of  Hugenius  y  the  mid^ 
die  of  which,  we  are  there  told,  is  atprefent  in  n.  19°  00', 
with  fouth  latitude  28°  45'  -,  and  that  it  fends  forth  a  radiant 
beam  into  the  fouth- eaft,  as  another  in  the  girdle  of  Androme- 
da feems  to  do  into  the  north-eaft.  It  is  alfo  there  remarked, 
that  though  thefe  fpots  are  in  appearance  but  fmall,  and  moil 
of  them  but  a  few  minutes  in  diameter  ;  yet,  fince  they  are 
gjnong  the  fixt  ftars,  as  having  no  annual  parallax,  they  cannot 
fail  to  occupy  fpaces  immenfely  great  5  and,  perhaps,  not  lefs 
than  our  whole  folar  fyftem  :  in  all  which  fpaces^  it  ihould  feem, 
that  there  is  a  perpetual  uninterrupted  day,'* 
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The  other  author,  Mr.  Fergufon^  fpeaking  of  the  Milky  Way, 
fays,  *f*  "  There  is  a  remarkable  tra6t  round  the  heavens,  called 
the  Milky  Way  from  its  peculiar  whitenefs,  which  was  former- 
ly thought  to  be  owing  to  a  vafl:  number  of  very  fmall  flars 
therein  :  but  the  telefcope  fhews  it  to  be  quite  other  wife  ;  and 
therefore  its  whitenefs  mufi  be  owing  to  fome  other  caufe.  This 
trad  appears  fingle  in  fome  parts,  in  others  double/' 

"  There  are  feveral  little  whitifh  fpots  in  the  heavens,  which 
appear  magnified,  and  more  luminous,  when  feen  through  te- 
lefcopes  ;  yet  without  any  fiars  in  theiny  Five  of  which  ipots 
he  particularly  mentions. 

He  next  obferves,  that  **  cloudy  flai/s  are  fo  called  from  their 
mifly  appearance.  They  look  like  dimjiars  to  the  naked  eye  : 
but  through  a  t^Q^co^tyihsy  appear  hroad  illumifzated parts  of  the 
fky  ;  in  fome  of  which  is  one  flar,  in  others  more. — But  the 
mofl:  remarkable  of  all  the  cloudy  flars,  is  that  in  the  middle  of 
Orion's  Sword,  where  {Qveti  ilars  (of  which,  three  are  very 
clofe  together)  feem  to  fhine  through  a  cloud  very  lucid  near 
the  middle,  but  faint  and  ill-defined  about  the  edges.  It  looks 
like  a  gap  in  the  Jky,  through  which  one  may  fee,  as  it  were, 
part  f  a  much  brighter  region** 

Theie  quotations,  without  making  any  comment  upon  them, 
fhew,  that  the  Milky  Way  is  not  owing  to  the  flars  contained 
in  it ;  that  the  telefcope  fhews  it  to  be  quite  otherv/ife  5  and 
that  it  mud  be  owing  to  fome  other  caufe  :  that  in  refpeft  to 
the  lucid  fpots,  in  fome  of  them  there  are  no  flars  ;  in  others 
but  few  j  and  that  one  of  them  exhibits  a  remarkable  appear- 
ance of  an  aperture,  or  gap,  that  gave  a  profpedt  into  a  brighter 
region  :  that  the  fpaces  they  occupy, '  though  fmali  in  appear- 

C  c  2  ansc, 
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aijce,  are,  perhaps,  not  lefs  than  our  whole  folar  fyflem  j  and 
that  in  them  it  ihould  feem  there  is  perpetual  uninterrupted 
day. 

From  thefe  phenomena  it  feems  not  improbable,  that  the 
Milky  Way,  and  thofe  lucid  fpots,  are  parts  of  a  concave  body  or 
orb,  of  the  fame  nature  with  fome  of  the  other  heavenly  bodies  ; 
and,  whofe  light,  tranfmitted  to  us,  exhibits  thofe  phenomena,, 
according  to  the  laws  and  circumflances,  which  regulate  it. 

There  is  another,  and  ftill  more  remarkable  phenomenon, 
that  fuggefls  the  idea  of  fuch  an  orb  :  I  mean  the  blue  con^' 
cave  expanfe,  which  furrounds,  and  appears  to  limit  vifible  nor 
ture  ;  and  which  is  the  lafl  to  be  confidered. 

It  is  thus  explained,  by  Sir  Ifaac  Newton  ;  who  obferves, 
**  that  all  the  vapours,  when  they  begin  to  condenfe  and  coal- 
efce  into  natural  particles,  become  iiril  of  fuch  a  bignefs  as-  to 
refled:  the  azure  rays,  ere  they  can  conftitute  clouds  of  any  other 
colour.  This,  therefore,  being  the  iirft  colour  they  begin  to 
refled,  muft  be  that  of  the  fineft  and  moil  tranfparent  ikies  : 
in  which  the  vapours  are  not  arrived  to  a  groifnefs  fufiicient  to 
reile(ft  other  colours."* 

By  this  explanation  it  appears,  that  the  caufe  of  this  pheno« 
menon  exiils  within  the  earth's  atmofphere.  If  it  really  doth 
exifl  within  it,  the  phenomenon,  from  the  ailigned  cauie  of  it, 
feems  to  be  nothing  more  tlvan  a  blue  tranfparent  cloud,  more^i 
or  lefs  exteniive,  in  proportion  as  the  atmofphere  may  happen 
to  be  lefs  or  more  charged  with' other  clouds. 

If  this  were  the  caufe,  would  not  the  heavenly  bodies,  in  a 
clear  iky,  partake  of  the  colour  of  that  cloud,  and  appear  blue, 
or  be  tinged  with  it,  by  means  of  their  light  paiTing  through  , 

the 
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the  blue  cloud  ?  And  would  not  this  appearance  indicate,  that 
the  blue  rays  of  their  light  were  tranfmitted,  and  the  other 
coloured  rays,  for  the  moft  part,  refleded  from  the  atmofphere  ? 
Would  not  that  tranfmiilion  of  the  blue  rays  occafion  all  bodies 
around  us  to  appear  blue,  fo  long  as  the  atmofphere,  continuing 
clear,  fhould  exhibit  the  blue  cloud  ?  And  would  not  the  co- 
lours of  thofe  bodies  vary. as  other  coloured  clouds  fhould  fuc- 
ceed  and  predominate  ? 

Would  not  this  refledlion  of  the  other  coloured  rays  occafion, 
not  only  a  decreafe  of  light,  but,  with  refped  to  the  fun,  a 
great  diminution  of  its  heat  ?  If  the  feveral  different  coloured 
rays  do  each,  in  refpeft  to  heat,  produce  an  equal  efFed  ;  and 
all  but  the  blue  rays  are  reflecfted,  fhould  we  not,  in  a  clear  day, 
be  deprived  of  fix  fevenths,  or  a  proportionable  part,  of  the 
fun's  heat,  which  the  {^vtn  forts  of  rays,  had  they  been  all  tranf^ 
mitted,  would  have  afforded  ? 

Such  appearances  and  effects  might  have  been  expeded,  if  the 
afligned  caufe  produced  the  phenomenon  :  for  the  fun's  light 
and  other  light,  and  alfo  bodies  in  general,  whatever  be  their 
colour,  being  viewed  through  a  medium  of  any  original  colour, 
will  appear  of  that  colour,  or  ilrongly  tinged  with  it.  But  it 
is  apprehended,  that  no  fuch  appearances  and  effedts  hav-e  ever 
been  obferved  ;  and,  therefore,  that  there  is  reafon  to  doubt 
the  reality  of  the  cauf^  affigned  :  the'  infufHciency  of  which 
may  further  appear  in  the  courfe  of  thefe  obfervations. 

But  how  is  the  exiflence  of  the  oi-b  deduced  from  the  phe- 
nomenon ? — In  the  fime  manner  as  the  exiflence  of  the  other 
heavenly  bodies,  and  the  exiflence  oi  the  bodies  around  us  are 
deduced :  namely,  from  the  uniforriiity  and  permanency  of  their 
vifible  qualities,  or  phenomena. 

In 
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In  regard  to  bodies  around  us,  whenever  by  fight  we  have 
been  imprefTed  with  certain  ideas  of  colour,  form,  and  magni- 
tude, correfponding  to  bodies  near  us,  and  at  an  approachable 
diftance,  we  have  found,  by  conflant  and  uniform  experience, 
derived  alfo  from,  and  confirmed  by,  every  other  fenfe  and  means 
of  information,  that  fuch  bodies  do  really  exift  :  and  having 
thus  from  experience  gained  the  knowledge,  that  certain  phe- 
nomena do  infallibly  indicate  the  exiilence  of  thofe  bodies,  the 
phenomena  themfelves  do  then  alone  become  the  undifputed 
evidence  of  that  exiflence. 

Nature  is  fimple  and  uniform  \xi  its  operations.  From  the 
fame  caufe  follow  like  effe<5ts  ;  and  thefe  indicate  the  fame  caufe. 
Bodies  of  every  kind,  through  the  medium  of  light,  produce 
their  reiped:ive  phenomena,  and  thefe  demonilrate  the  reality  of 
thofe  bodies. 

From  thefe  principles  we  infer  the  reality  of  thofe  terreflrial 
bodies,  which,  by  reafon  of  their  fituatlon  and  diflance,  caa 
only  be  the  objefls  of  fight  :  and  from  the  fame  principles  we 
alfo  infer  the  reality  of  the  heavenly  bodies,  the  planets,  and 
fixt  ftars.  If  this  lafb  inference  be  juft,  is  it  not  equally  juft 
to  infer,  from  the  fame  principles,  the  reality  of  the  blue  cir- 
cumambient expanfe  :  that  is,  that  it  is  a  real  concave  body, 
encompaffing  all  vifible  nature  :  which  is  the  exad:  defcription 
of  the  concave  furface  of  the  orb  above-mentioned. 

There  is  one  appearance  of  the  blue  expanfe,  which  may  be 
thought  to  militate  with  the  foregoing  account  of  it. 

In  a  clear  day,  it  appears  of  a  brighter  blue  than  in  the  night, 
occafloned  by  the  fun's  light  refledled  to  us  by  the  earth's  at- 
mofphere.  From  which  circumftance  it  might  be  fuppofed, 
that  the  caufe  of  the  phenomenon  doth  exift  within  the  atmof- 

phere. 
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phere,  and  is  the  atmofpherc  itfelf,  or  its  vapour.  It  is  appre- 
hended, however,  that  this  would  be  a  miftaken  fuppofition  ; 
and  that  the  appearance  may  be  explained  on  principles,  which 
will  not  only  invalidate  the  fuppofition,  but  further  fhew  the 
infufficiency  of  the  caufe,  to  which  the  phenomenon  has  been 
afcribed. 

For  that  purpofe  it  may  be  obferved,  that  the  atmofphere 
being  invifible,  muft  be  without  colour  j  and  has,  perhaps  for 
that  reafon,  no  greater  difpofition  to  tranfmit  or  refle^ft  to  us 
the  blue  rays  of  light,  whether  of  the  fun  or  flars,  than  thofe 
of  the  other  colours  :  and,  therefore,  if  the  phenomenon  be 
produced  by  means  of  the  blue  rays  of  thofe  luminaries  (which 
I  fhall  attempt  to  explain)  the  atmofphere  cannot  be  the  cauie 
of  that  production. 

With  refpeCt  to  the  vapours  in  the  atmofphere,  which,  in  a 
particular  ftate,  are  faid  to  occalion  the  phenomenon,  they  be- 
ing of  different  degrees  of  groffnefs  or  deiility,  muil  arrange 
themfelves  according  to  that  denfity,  or  their  fpecihc  gravity. 
If  then  any  of -the  ranges  coniifled  of  Vapour,  in  a  proper  flate 
to  tranfmit  or  refled:  to  the  eye  the  blue  rays  only,  the  effect  of 
it  would  be  deftroyed,  or  changed^  by  the  grolTer  vapour  in  the 
lower  range.  Or  if  it  fhould  fo  happen  (which  feems  very  im- 
probaBTe)  that  the  v/hole  body  of  vapour  fhould  confifl  of  par- 
ticles of  the  due  fize,  and  in  the  proper  Hate,  to  refletflthe  blue 
rays,  it  could  not  long  continue  in  that  flate,  by  reafon  of  the 
changeable  nature  of  the  vapour,  and  the  numerous  caufes, 
that  are  conflantly  operating  to  produce  a  change  in  it.  But 
the  phenomenon  is  uniform  and  premanent  ^  and  therefore  mufl 
ht  the  effed  of  an  uniform  and  permanent  caufe. 
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If  thefe  obfervations  have  any  foundation,  neither  the  atmof- 
phere  nor  its  vapour,  afiifted  by,  or  affifting,  the  dirett.  light  of 
the  fun  and  ftars,  can  be  the  caufe  of  the  phenomenon. 

The  atmofphere,  however,  or  its  finer  and  tranfparent  vapour, 
contributes  to  the  brighter  hue  of  the  phenomenon  by  day.; 
which  may  be  thus  explained. 

The  fun's  light  in  its  mixt  ftate,  refleded  by  the  atmofphere, 
or  by  the  tranfparent  vapour  floating  in  it,  enters  the  eye  at  the 
fame  time  with  the  blue  light  of  the  expanfe  ;  and  both  to- 
gether delineate  on  the  retina  an  image,  formed  by  tiieir  united 
rays,  each  producing  its  eifed.  The  light  from  tlie. expanfe 
exhibiting  the  blue  image  ;  the  light  from  the  fun  illuminat- 
ing or  brightening  the  image  ;  and  both  together  impreihng 
the  idea  of  that  phenomenon,  as  it  is  difplayed  in  a  clear  day. 

If  it  ihould  be  aflied,  from  whence  the  concave  expanfe  de- 
rives its  light,  theanfwer  is — from  the  numberlefs  planetary  or 
folar  fyftems,  which  it  includes  :  and  particularly  from  thoie 
in  the  neighbourhood  of  it,  which  diredly  anfwer  the  purpofe 
of  enlightening,  and  in  other  r^fefpeds,  accommodating  its  in- 
habitants. 

This  light,  tranfmitted  to  the  expanfe  through  its  atmofphere^ 

is  refleded  back  diredtly  and  indirectly  to  the  fyftems  from 

which  it  ilfued  :  to  be  again,  in  a  due  fucceflion,  remitted  to, 

and  refledled  from,  the  expanfe.     By  fuch  a  reciprocation,  and 

mutual  interchange  of  light  with  each  other,  and  among  them- 

rfelves,  the  feveral  parts  may  be  fupplied  with  the  quantity  they 

^had  refpe<9:ively  emitted  ;  and  the  equilibrium  of  the  whole 

:  maintained  :  whereby  the  evils>  that   might   otherwife  enfue 

from  the  wafte,  or  undue  diftribution  of  its  matter,  and  the. 

(ponfequent  alteration  of  its  gravitation,  might  be  prevented. 

To 
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To  dilterent  iyftems,  according  .to  their  fituations,  the  ex- 
panfe  may  exhibit  very  different  phenomena.  Ahhough  to  our 
iyftem,  or  to  us  on  this  planet,  it  exhibits  the  blue  concave  of 
an  all-flirrounding  orb  ;  which,  in  the  Milky  Way,  and  in 
fome  other  parts  of  it,  fiiines  with  a  brighter  light,  it  may  to 
other  fyftems  appear  of  other  colours  -,  and  exhibit  to  fome  of 
them  in  fucceffion,  according  to  their  fituations,  theleveral  pri- 
mitive-colours in  the  order,  in  which  the  rays  of  thofe  colours 
are  ieparated  and  claffed. 

Of  one  of  thele  exhibitions,  that  of  the  blue  colour,  we 
have  ocular  demonftration.  But  why  fhould  the  expanfe  ap- 
pear to  us  blue,  rather  than  green,  or  of  any  other  primitive 
colour  ?  If  that  appearance  can  be  explained  by  the  refrangi  . 
bility  of  light,  or  bythe  feparation  of  it  into  its  fcveral  colours, 
as  perhaps  it  can,  the  other  appearances  of  the  expanfe  to  other 
fyftems,  naturally,  if  not  necelTarily,  follow. 

Experiments  prove,    that  light  is  compounded  of  differently 
coloured  rays  j  and  that  after  it  has  paft  through  different  me- 
diums properly  difpofed,  the  rays  are  refracfted,  or  feparated  and 
claffed,  according  to   their   different  refrangibility  ;  and  {hew 
thofe  colours  in  the  order  juft  mentioned  :  that  the  three  moff 
•refrangible  of  them,  the  blue,  the  indigo,  and  violet,  which 
poffefs  one  half  of  the  fpace  fpread  over  by  the  whole,  are  fo 
nearly  allied  in  colour,  that  the  laff,  when  confiderably  fpread, 
are  fcarcely  to  be  diflinguiflied   from  the  neighbouring  blue  ; 
for  which  reafon,  thofe  three  claffes  appear  as  one,  at   a  great 
diffance  from  the  refrading  medium  :  and  the  blue  thus  cir- 
cumflaneed,  and  uniting  thofe  claffes,  may  therefore  be  faid  to 
poffefs  a  fpace  equal  to  the  fpace  occupied  by  all  the  reft.    That 
irom  any  fegment  of  a  hollow  fphere,  fuch,  for  inftance,  as  a 

D  d  concave 
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concave  mirror,  whofe  arc  does  not  exceed  fifteen  or  eighteen* 
degrees  ;  the  cylinder  of  rays  falling  upon  it  parallel  to  itsr  axis, 
will,  if  there  be  no  refradlion,  be  refleAed  to  a  focus  round 
that  axis  :  the  focus  being  nearly  equidiftant  from  the  pole  of 
the  fegment,  and  the  centre  of  its  fphere  :  and  that  thofe  rays, 
if  previouily  refracted,  and  claiTed  into  their  fevcral  coloui*s> 
will,  in  their  divergence,  from  the  focal  point,  fhew  thofe  co- 
lours in  a  reverfed  order  :  the  refraction,  however,,  occafioning 
an  alteration  in  the  pofition  of  the  focus,  and  the  diverging. 
cone. 

Toappfyfbme  of  theie  obfervations,  it  may  be  fuppofed,  that 
the  interior  fide  of  the  expanfe  has,  in  general,  an  uniform  fur- 
face,  which-  may  be  conceived  as  compofed  of  a  multitude  of 
ie'gments,  each  of  them-  not  exceeding  a  given  arch  :  that  it  is-- 
furnifhed  with  an  atmofphere,  polTeffing,  in  fome  peculiar  modej, 
the  power  of  refra<?0ing  light,  of  diftributing  its  rays  into' their 
reipe<5live  claifes,  and  tranfmitting  them  to  the  expanfe  j,  which 
alfo  may  be  conceived  as  affi'fling,  by  its  refledting  power,  in 
their  clalfification  :  that  the  tranfiTkitted  rays  would,,  in  their 
daffed  ftate,  be  refledled  from  it  in  all  directions  ;  and  that 
fuch  of  them  (by  far  the  greatefl  \  part  oi  the  whole)  as  fhould 

Gome 

*'s  Cr^re/awi/f'j  NaturaFPhilofophy.     Book  III.  ch,  xv.  prop.  815. 

-}•  That  thefe  parallel  rays  (parallel,  I  mean,  to  any  and  every  conceivable  dJ- 
ameter-line  of  the  expanfe)  muft  conftitute  the  gfeateft  quantity  or  proportion  of 
the  refledled  light,  will  be  manifeft  from  thefe  confiderations  : — That  they  come 
to. every  fegment  or  part  of  the  expanfe  from  theoppofitc  part  of  it,  and  from  the 
Isy {items  fituated  between  fuch  oppofite  parts  :  that  the  diftance  of  any  two  oppofite 
p^rts  from  each  other,  equal  to  the  diameter  of  the  expanfe,  is  the  greateft  that 
can  take  place  within  it  :  that  there  muft,  therefore,  be,  in  the  fpace  between  them,, 
a  greater  iiumbcr  of  f}'ftems  fupplying  the  exp^tifo'-vrith  Kght,  than  th^i"^  cap  be  in 
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come  to  the  atmofphere  in  parallel  lines,  or  in  cylinders,  whofc 
axes  were  diameter-lines  of  the  expanfe,  and  whofe  bafes  were 
«qual  to  thofe  fegments,  would  pafs  through  the  atmofphere 
to  the  correfponding  fegments  of  the  expanfe,  and  be  reflecfled 
from  them  -,  and  afterwards,  in  the  fame  clafTed  ftate,  unite  in 
.a  focus,  from  which  they  would  diverge,  and  exhibit  their  fe- 
-veral  colours. 

To  give  fome  idea,  thougli  an  imperfed  one,  of  that  focus^ 
the  reflearion  and  convergence  may  be  conceived  as  made  (fome- 
what  in  the  manner  above-reprefented)  from  the  fegments  com- 
pofing  the  whole  Surface  of  the  expanfe:  that  each  fegment 
would  reflea  a  cone  of  rays,  terminating  in  a  focus  i  and  that 
the  united  yc'a  Of  thofe  cones,  which  muft  be  confidered  ai 
coming  from  ail  quarters.of  the  expanfe,  would  conftitue  it^ 
general  focus. 

In  feme  fuch  difpofition,  and  Hate  of  things,  as  here  repre- 
fentea,  it  is  conceivable,  that  .the  fyftem-light,  tranfmitted  to 
the  expanfe  through  its  atmofphere,  might  be  refie(fled  from 
thofe  iegment-s  ;  and  rfor  the. moil  part  converge  in  cones  to- 
%vards  a  gsneral  focus  :  where,  bymean-s  of  the  refradion  and 
fepai-ation,  it  had  undergone  in  thattranfmiffion  and  reflexion, 
It  would  be,  in  each  cone,,  arranged  or  clafTed,  according  to 
the  different  refrangibiiity  and  reflexibility  of  its  rays.  After 
the  rays  had  pail  the'boundary.  of  their  focus,  they  would  in^ 
flerfea  each  other,  and  form  new  and  reverfed  cones,  or  conic 

D  d  2  figures  : 

-ny  extra-centrai  direaion  ;  and  that  this  may  be  affirmed  of  every  two.oppofitc 
parts  or  fegments  In  the  whole  fiirface  of  the  expanfe.  The  efFed  of  the  atmof- 
phere,  in  regard  to  the  refraaion,  is  not  here  noticed.  Thefe  rays,  like  the  fun's 
rays  at  the  earth,  are  confidered  as  parallel,  by  reafon  of  the  great  diftance  of  the 
radiant  bodies,  and  the  confequent  extreme  mmutencTs  of  the  angle  of  divergeacs 
-at  fiich  a  diftance. 
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figures  :  in  which  each  fort  of  the  coloured  rays,  as  before  the 
interfed:ion,  would  generally  be  together ;  and  in  that  affociated 
ftate,  continually  diverge  in  proportion  to  their  diftance  from  . 
the  line  of  interfeiflion. 

But  perhaps  the  whole  of  this  efFe<fl,  the  clafTification  of  the 
rays,  may  be  caufed  by  the  refledling  power  of  the  expanfc  : 
which,  in  that  cafe,  would  receive  the  rays  in  the  fame  mixt 
flate  as  the  diredl  folar  light  comes  to  the  earth  :  with .  refpec^ 
to  v/hich,  we  know  that  it  frequently  undergoes  a  claffification 
\Sy  refledion,  as  well  as  by  refra(5lion. 

In  either  cafe,  as  the  three  moil:  refrangible,  and  reflexible 
clafTes,  at  a  proper  diflance  from  the  focus,  are  not  to  be  dif- 
tinguifhed  from  each  other,  but  all  appear  blue  :  and  ,as  the 
blue,  at  that  diflance  and  beyond  it,  doth  therefore  pofTefs  fo 
large  a  portion  of  the  interior  fpace  of  the  expanfe,  it  is  con- 
ceivable, that  many  fyftems  may  be  fo  placed,  as  to  be  on  all 
fides  in  the  diredion  of  the  rays  of  that  colour^  and  to  which 
the  whole  expanfe. would,  for  that  reafon,  appear  blue. 

With  refped  to  the  earth,  it  is  probably  fo  fituated  as  to  be 
in  all  parts  of  its  orbit,  principally  within  the  limits  of  fuch 
clafTes  as  are  compofed  of  the  blue  rays  5  and  partly  within  the 
verge  of  clafTes,-  whofe  rays,  by  reafoa  of  their  imperfedl  fepara- 
iion  being  in  a  mixed  ftate,  exhibit  a  brighter  light.  The  pre- 
dominant colour,  therefore,  of  the  expanfe,  as  it  refpe<5ls  the 
earth,  is  blue  ;  with  interfperfions  of  a  brighter  light,  flich  as 
the  Milky  Way,  and  other  lucid. parts  of  the  expanfe  :  whofe 
irregular  appearance,  in  the  Milky  Way,  may  be  owing  (as 
hath  been  already- fuggefled)  to- the  particular  conilrudion  and 
configuration  of  its  parts  *,  the  brightnefs  of  which  feems  to 

intimate 
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intimate  fome  peculiurity  in  their  conflitution,  and  in  the  cir- 
cumftances  attending  them. 

Nature  thus  exhibiting,  on  a  broad  fcale,  phenomena,  which- 
our  little  experiments  can  exhibit  only:  in  miniature,-  and  of 
which  thofe  experiments  fometimes  lead  to  a  happy  explana-* 
tion. 

Whether  the  foregoing  be  fuch  an  explanation,  or  wholly" 
chimerical,  in  reference  to  the  colour  of  the  expanfe,  does  not 
affetft  the  expanfe  itfelf  :  whofe  exigence,  confidered  as  an  all- 
furrounding  orb,  may  bb  real,  although  the  affigned  caufe  of 
its  colour  be  demonftrably  without  foundation. 

From  the  feveral  phenomena  above-mentioned,  unlefs  the 
evidence  fuppofed  to  arife  from  them  be  futile,  or  inadmiffible, 
there  is  reafbn  to  conclude,  that  an  all-furrounding  orb  doth 
really  exiil  j  and  that  the  blue  expanfe  is  that  orb. 

It  is  an  obfervation  of  Sir  Ijhac  Nev:ton^  "  that  the  main  bu- 
fniefs  of  natural  philofophy,  is  to  argue  from  phenomena,  wi-th- 
out  feigning  hypothefes  ;  and  to  deduce  caufes  from  effedls, 
till  we  come  to  the  very  firft  caufe,  v/hich  certainly  is  not  me- 
«:hanical  ;  and  not  only  to  unfold  the  mechanifm  of  the  worlds 
but  chiefly  [among  others  that  are  mentioned]  to  refolve  thefe, 
and  fuch  like  queitions,  viz.  Whence  is  it,  that  the  fun  and 
planets  gravitate  towards  one  another,  without  denfe  matter  be- 
tween them  ?  and  v/hat  hinders  the  fixt  ftars  from  falling  upon 
one  another  ?^' 

Agreeably  to  the  foregoing  obfervation,  the  author  of  this 
memoir  having  adduced  certain  phenomena,  he  hopes  not  im  ^ 
pertinently,  has  endeavoured,  not  only  to  argue  from  them,  and 
to  deduce  the  caufe  from  the  effeds,  but  to  refolve  that  great 

quell:  ion 
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queilion  concerning  the  fixt  ftars,  and  the  heavenly  bodies  \ti 
general,  namely.  What  hinders  them  from  falling  upon  one 
another,  and  thereby  involving  the  whole  in  ruin  ? — Whether 
his  endeavours  have  been  fuccefsfuUy  apjilied,  thole  who  arc 
Converfant  in  fubjed:s  of  this  nature,  are  bcil  quaiiiied  to  judge. 
In  regard  to  the  fubje^fl  in  hand,  there  fcems  to  be  a  happy 
GO -incidence  betvi^een  phenomena  andicripture  ;  and,  therefore, 
in  further  evidence  of  fuch  an  orb,  ^nd  in  evidence  of  feveral 
other  orbs  lim.ilar,  and  concentric  to  it,  we  may  recur  to  fcrip- 
ture  :  feveral  paflages  of  which  appear  applicable  to  that  pur- 
pofe. 

It  ieldom  happens  that  natural  phiiofaphy  is  made  to  borrow 
.affiftance  from  thence :  but  though  fcripturemay  not  beintend- 
fcd.  to  inflrud:  us  in  the  philofophy  of  material  nature,  it  may 
•tieverthelefs  giNCy  and  be  intended  to  giv^,  fome hints  of  its  con- 
ilitution,  or  general  fyftcm. 

As  the  parages  referred  to,  do  not  need  any  laboured  com- 
;^ments^  a  very  icw  obfervations  will  fuffice  to  explain  and  ap- 
ply them. 

A  remarkable  one,  and  which  ma^'  ferve,  in  ibme  meafure^ 
to  elucidate  the  reft^  is  this  pailage,  ^'  It  is  God  that  buildeth 
3iis  flories  in  the  heavens."*  In  the  £^^/z/7j  tranflation,  which 
agrees  with  the  French^  with  the  Latin  of  Caftellio^  and  of 
'Tremeliius  and  Junius,  the  marginal  readings  referring  to  ftories. 
Is  fpheres  and  afcenfions.  The  former  explanatory  of  ftories  : 
the  latter,  another  word  for  the  Hebrew  j  and  which  anfwers  to 
the  Greek  oi  the  Septuagint.  All  which,  both  feparately  and 
together,  give  the  idea  of  a  fucceffion  of  concentric  fpheres, 
;,afcending  one  above  another,  like  the  ftories  of  a  magnificent 

building  s 
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iuilding  :  and,  agreeably  to  that  idea,  though  on  very  different 
principles,  perhaps  thofe  of  the  Ptolemeian  fyflem,  the  text  has-^ 
been  explained,* 

This  confT:ru6tion,  which  appears  to  be  a  natural  one,  gives  ■ 
a  meaning  to  the  text, — a  meaning  illuflrative  of  the  omnipo- 
tence of  the  Architea  :  and,  at  the  fame  time  it  elucidates 
ibme  other  texts  relative  to  the  fubjedt,  it  is  perfedlly  defcrip- 
iive  of  the- concentric  fpheresj  or  orbs,  above-mentioned. 

The  iame  idea  is  intimated  in  the  iliort  account  given  of  the 
creation  by  Mofes,  who  feems  to  refer  to  two  firmaments. — • 
The  fir  ft.  he  mentions  is  limited  to  the  earth  and  its  atmof- 
phere  ;  and  the  other  is  that  in  which  the  fixt  ftars  do^ppear, 

Itis  this  latter,  that  is  here  to  be  confide  red  :  concerning 
which,  **  God  faid,  let  there  be  lights  in  the  firmament  of 
heaven  3"  and  concerning  which,  it  is  declared,  that  **  God  fe£ 
thofe  hghts  in  the  firmament." || 

The  radix  of  tlic  Hebrew  wordy  tianilated  firmament,  *•'  i^ 
applied  to  God's  fpreading.  out  the  fky  y  to  tlie  firmament,  or" 

fpacious 

*  Qui  jEciihcat  in.coclo  (infupremis  coelis)  afcentiones  fuas — fphscras  fuas — gra- 
das  fuos  :  i,  e.  orbes  coeleftes,.  qui  funt  velut  gradus  ;  unus  fijpra  alteram. 

Poll  fyuopfis  in  loc. 
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Mr.  IVhiJion,  whofe  explanation  of  the  Mofak  ncccunt  of  tKe  creation  is  natural,, 
and  in,geueral' ieenas  to  be  ju-ft,  makes  no  diftinclion  of  firmaments  .-.which,  how- 
ever, he  rraght  have  made,  without  injuring  his  theory  ;  and  'vvhich  his  own  rules- 
of  interpretation  v/ould  have  juftified. 

The  upper  firmam.ent,  or  blue  expanfe,  in  which  the  heavenly  bodies  were  "fet,'' 
feejoigbt  have  incladed,.  together  with  them,  in  the  work  of  the  fourth  day,  or  year, 
as  it  was  rendered  vifible  at  the  fame  time,  by  means  of  the  earth's  atmofphere,  in 
that  year,  becoming  tranfparenf :  which  atmofphere,  according  to  his  theory,  i.^. 
the  [other]  firmament,  or  cxpanfe.  He  fuppofes,  the  earth  had  no  rotation  about 
its  axis  uiitit  the  deluge  ;  and,  therefore,  that  its  annual  revolution  round  the  fun, 
woT^d  occafion  the  antediluvian  day  to  be  cxa<Jll7  comracnfurate  with  Uie  year^ 
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-fpacious  extenfion,  ^yhich  is  fpread  abroad  between  the  eartli 
and  the  clouds  i  as  alfo  to  that  other  firmament,  or  fpacious  ex- 
tenfioi,  which  is  above  the  clouds,  where  the  heavenly  bodies 
-are  placed/  ' 

The  original  word -f-  means,  not  only  firmament,  but  ex- 
panfe,  or  Ipacious  extenfion.  In  the  £7Z^/^/7j  tranflation,  and 
-alio  in  the  Greek  of  the  Septuagint,  it  conveys  the  idea  of  fome- 
thmg  firm  and  folid.  Some  other  tranllations  adopt  the  other 
acception  of  it.  It  feems  to  include  both  ;  and  in  that  cafe 
-means  fomething  folid,  and  fpaciouily  extended. 

This  explication- of  the  term,  conned;ed  with  the  appearance 
•of  this  firmament,  or  expanfe,  gives  us  the  intimation  of  a  ib« 
lid  and  fpaciouily  extended  orb,  or  fphere  :  and  anfwers  to  one 
of  the  ftories,  which  God  built  in  the  heavens. 

"  The  heavens  %  declare  the  glory. of  God  :  and  the  firma- 
ment fheweth  his  handy- work." — Here  is  a  clear  di{l:in(5tion 
'between  the  heavens  and  the  firmament.     By  the  former,   arc 
meant  the  heavenly  bodies  5  and  by. the  latter,  the  firmament, 
or  expanfe,  in  which  they  appear. 

The  fame  obfervations  may  be  applied  to  this,  as  have  been 
;  applied  to  the  foregoing  pafiage. 

Another,  and  more  defcriptive  of  fuch  an  orb,  is  the  follow-^ 
ing  one  :  "  Hafl  thou  fpread  out  the  iky  :  which  is  flrong, 
t^nd  as  a  molten  looking-glafs  :"||  or,  as  a  mirror  made  of  po- 

lifhed 

.    ^*  ..TVj/or'j  Hehrenv  Concordance,  root  i8z6. 

t  The  author  of  this  memoir,  being  unacquainted  with  Hehrewy  fpeaks  of  its 
;j3neaning, by  information  only. 

±  Pfalm  xix.  i.     Ccclum  hoc  ftelliferum.     Poli  Syn. 

II  yo3  xxxvii.  18.     An  expand ifti  cum  eo   (eum  adjuvando)  sethera, .  vel  c^os, 
vel  fionamentum  ?    Hoc  grseci  vocant  ftereoma  quod — firmum  /jt,  et  fua  f^  velut 

virtuti 
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"  lifhed  metvil.  The  foremen tioned  French  and  Latin  verfions, 
and  the  Greek  of  the  Septuagint,  do,  in  this  palTage,  all  concur 
with  the  EfigUJJoy  in  reprefenting  the  iky  as  ftrong,  firm,  and 
folid.  The  Septuagint  efpecially,  exprcfTes  this  idea  with  pe- 
culiar force  ;  as  doth  alfo  the  Hebrew  original  :  which,  in  this 
place,  refembks  the  iky  to  a  fpecuhwi,  or  mirror,  "  made  of 
polilhed  metal."* 

"  The  elegant  iimile  of  the  mirror  cannot  be  underilood 
Avithout  recollefting,  that  their  looking-glaiTes  (or  mirrors)  were 
made  of  metal  highly  polifhed/'-f- 

This  defcription  ihews  the  ^y  to  be,  not  only  nrm  and  10- 
lid,  but  remarkably  adapted  to  refie«5l  light  ^  and  fo  far  inti- 
mates the  caufe,  why  it  is  vifible.  The  iky  here,  as  the  fir- 
mament in  a  former  claufe,  correfponds  to  one  of  the  ilorie?^ 
which  God  built  in  the  heavens. 

There  are  other  paflages,  which  mention  the  fpreading  out, 
and  ilretching  out,  of  the  heavens  5  and  this  as  declarative  of 
the  difcretion,  the  under/landing,  the  wifdom,  and  power  of 
God.  Put  if  it  be  a  mere  appearance,  arifing  from  the  atmof- 
phere-vapours,  in  a  particular  ilate  refleding  to  us  the  blue  rays 
of  lights  or  if  it  be  a  mere  circumilance  attendant  on,  or  refult- 
ing  from,  the  atmofphere  3  and  doth  not  indicate  the  real  ex- 

E  e  iilence 

-tviftate  contineat,  nulla  re  nitens.  ^thera,  vel  coelos — qui  folidifllmi — qui  funt 
fortes  :  item  ficut  fpeculum  fufum,  fiv^  concretum. — Coelos,  quibus  fnnitas  tribui- 
tur  Prov.  -viii.  28.  unde  poetas  ccelum  vocarunt  kalkeon  ouranon.  Specula  fufa  lii- 
i  tellige  ex  are  vel  chalybe.— Vox/or/ff  foliditatcm  denotat.— ^Ccelum,— folidiffimurni 
nl  fimul  cohsreat.     Poll  Syn. 

*  Fufum,  firmum,  validirm,  inftar  fufi  et  confiflentis  metalli,     Ta^'hf's  Hebrr^ 
4Cloncordance,  root  783.  26. 

■;f  Scott's  Soois  of  Johi  p.  354, 
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iilence  of  what  is  declared  to  be  thus  fpread  or  flrctched  out,  it 
is  then,  in  a  comparative  view,  but  an  inferior  inftance  of  wif- 
dom  and  powder  :  by  no  means  fuch  an  inftance  of  them  as  to 
entitle  it  to  be  mentioned  in  the  climax,  in  which  it  is  found  ; 
much  lefs  to  be  the  head,  or  principal  member,  of  it» 

The  following,  which  is  one  of  thofe  palfages,  and  in  the 
fenfe  of  which  the  aforenamed  verlions  concur  with  the  Englifi, 

will  fhew  the  climax. **  He  hath  made   the   earth  by  his 

power  :  he  hath  efbabliflied  the  world  by  his  wifdom  ;  and  hath 
fbretched  out  the  heavens  by  his  underftanding."-*^ — The  earth, 
including  its  atmofphere — the  world,  or  heavenly  bodies  col- 
lectively— the  ftretched-out  heavens,  or  blue  expanfe.  This 
remarkable  climax,  afcending  in  dignity  and  importance,  /hews, 
that  the  lafl  and  principal  member  of  it,  the  expanfe,  is  not 
only  diflincft  from  the  earth,  and  the  whole  fyfbem  of  heavenly 
bodies,  but  that  it  furpalTes  them  in  excellence  ;  and  that  it  is 
the  capital,  among  the  works  of  the  vifible  creation.  The  de- 
fcription  of  it,  and  its  rank  in  the  climax,  indicate,  that  it  is 
the  fame  firmament  or  expanfe,  above  defcribed  ;  that  the 
fame  obiervations  are  applicable  to  it  ;  and  therefore,  that  this, 
and  the  parallel  palTages  alluded  to,  may  be  adduced  in  further 
evidence  of  its  exiflence  j  and,  confeq^uently,  of  the  exiflence 
of  an  all-furrounding  orb. 

The  fame  idea  is  held  forth  in  a  part  of  the  addrefs  of  wifdom 
in  Prov.viii.  27 — 29 :  the  fenfe  of  which  may  be  exprelledin  the 
following  tranllation  ;  which  differs  from  the  common  Englifh 
tranflation,  no  further  than  the  apprehended  fenie  of  the  text 
makes  neceffary.  A  few  explanatory  notes  are  interfperfedj, 
by  way  of  illuflration, 

Wifdom 
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Wifdom  fpeaking,  fays, — verfe  27,  *'  When  God  prepared 
the  heavens  [the  whole  fyftem  of  vifible  nature]  I  was  prefent. 
When  (with  refpedt  to  the  heaven)  he  fct  an  orb  around  the 
fuperficies  of  the  depth  [the  immenfe  fpace  included  within 
the  orb  :  in  reference  to  which,  that  fpace  may  be  juftly  called 
the  depth]  :  v.  28.  When  he  gave  folidity  and  flrength  to 
(that  orb)  the  Iky  above  ;  and  when  he  eftablifhed  its  foun- 
tains of  waters  [its  interior  and  exterior  atmofphers]  :  v.  29. 
When  (with  refped:  to  the  terraqueous  globe)  he  gave  to  the 
fea  his  decree,  that  its  waters  fliould  not  pafs  their  bounds  : 
and  when  he  appointed  the  foundations  of  the  earth,  then  I  was 
by  him." 

If  this  trandation  and  illuflration,  be  juft,  the  text,  which 
only  gives  the  great  out-lines,  or  capital  parts  of  creation, 
jflrongly  imprelTes  the  idea,  that  there  is  an  orb  furrounding  all 
vifible  nature  i  that  it  is  flrong  and  folid  ^  and  that  it  is  fur- 
nifhed  v/ith  an  interior  and  exterior  atmofphere  :  all  which  is 
further  defcriptive  of  one  €f  the  flories^  that  God  built  in  the 
,  heavens. 

In  fupport  of  the  tranflation  and  illuflration  here  given,  I 
had  collecfled,  in  a  marginal  note,  a  number  of  authorities  from 
PoQps  Synopfis  ;s  but  it  being  fomewhat  long,  and  thofe  who 
are  qualified  to  judge  in  the  matter,  being  able  to  recur  to  the 
Synopfis,  it  is  omitted. 

Befide  thofe  authorities,  and  in  further  fupport  of  the  tranf- 
lation, may  be  adduced  the  148  th  pfalm  :  where  are  enumera- 
ted, in  a  regular  fucceffion,  the  heavenly  bodies,  which  com« 
pofe  the  material  fyftem  : — the  fun,  moon,  flars,  heavens,  and 
waters  above  the  heavens. 

E  e  2  The 
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The  diftind  notice  there  taken  of  thofe  bodies,  and  the  ar* 
rangement  of  them  according  to  nature,  make  it  probable,  that 
by  the  heavens  (in  that  pallage,  as  in  fome  others)  are  intended 
the  orbs,  that  have  been  defcribed.  And,  in  regard  to  the 
waters  above  the  heavens,  they  do  plainly  intimate,  that  thofe 
orbs  are  each,  like  the  earth,  environed  by  an  atmofphere  re- 
pleniflied  with  waters,  to  anfwer  the  fame  purpofes  with  the 
atmofpheric  waters  of  the  earth. — Of  that  pallage,  there  wili 
prefently  be  occafion  to  take  fome  further  notice. 

If  fome  happy  genius,  well  verfed  in  Hebrew,  and  the  phi- 
lofophy  of  nature,  would  arrange   in  due  order,  and  faithfully 
tranflate,  thofe  parts  of  fcripture,  that  in  any  refpe(fl  refer  to  the 
conjftitution  and  economy  of  nature,  and  this  v/ith  a  view  of 
reconcihng  them  to  nature,  we  fhould  probably  find,  that  fcrip- 
ture philofophy  and  natural  philofophy  would  mutually  illuf- 
trate  each  other.     Such  a  tranilation  and  illuilration  would  be 
a  real  acquifition  to  fcience  \  and  might  lead  to  difcoveries,  of 
which,  at  prefent,  we  can  form  no  idea- 
One  quotation  more,  amidft  a  further  number  that  might  be: 
offered,  will  clofe  the  evidence.. 

"  The  heaven,  and  the  heaven  of  heavens,  and  the  earth: 
r.tfo,  are  the  Lord's."  *'  Thou  hafc  made  heaven,  the  heaven 
©f  heavens,  v/ith  all  their  hofts  :  tlie  earth,  and  thefeas,  and  all 
things  in  them."  **  Praife  him,  ye  fun  and  moon,  ye  ftars> 
ye  heavens  of  heavens,  and  ye  waters  above  the  heavens. "^>' 

There  are  other  pafTages  of  like  import  :  but  thefe  contain* 
ing  all  the  varieties  of  expreffion  I  have  obferved  concerning 
the  material  heavens,  or  iyflem  of  nature,  may  be  thought 

fufficient. 

Thafe 

*  Deut.  z.  u.     l^ehju.  6.     Pf.  crivK.  5,  4*, 
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That  the  material  heavens  are  here  intended,  there  can  be  no 
room  to  doubt,  as  they  are  mentioned  in  connedion  with  the 
earth — with  their  hofts — with  the  earth  and  feas,  and  the  things 
contained  in  them — with  the  fun,  moon  and  flars — and  with 
the  waters  above  the  heavens.  They  are  evidently  confidered 
here  as  forming,  in  conjundtion  with  thofe  other  bodies,  one 
vaft  fyftem  ;  whofe  feveral  conftituent  parts  are,  in  the  laft 
elaufe  of  the  quoted  text,  ranged  in  the.  order,  in  which  it  is- 
natural  to  fpeak  of  them-j  and  in  which,  reckoning  from  the 
centre  of  our  folar  fyftem,  they  do  in  reality  exift. 

Here  is  a  plain  defcrimination  between  the  heaven  ;  the  hea* 
Ven  of  heavens  ;  and  the  heavens  of  heavens  :  which  muft  im- 
ply fome  effential   difference  between  them.     To  fuppofe  the 
contrary  is  to  confound  language,  and  involve  it  in  uncertainty. 
It  would  be  to  fappofe  thofe  expreffions  void  of  meaning  -,  and 
would  be  treating,  fcripture  with  the  indecency,   to  which  na 
other  book,  appearing  to  be  didiated  merely  by  common  fenfe,. 
would  be  entitled.     Thofe  expreffions,  then,  neceffarily  imply 
fome  effential  difference  in  the  objeds  of  them  :  and  what  that 
difference  is,  the  quotation  from  ylmos  points  out.     The  gra- 
dation, refpe«5ling  the  heavens,  is  remarkable  ;  and  without  re- 
curring to  any  thing  elfe,  fliggefts  the  idea  of  ftories  in  them, 
orb  beyond  orb,  as  above  explained.     The  feries  too,  in  which 
they  are  mentioned^ — the  fun,  moon,  liars,  heavens,  and  wa- 
ters  above  the  heavens- — and  the  place  they  hold  in  the  feries, 
fuggeff  the  fame  idea:  which  is  ffrengthened  and  confirmed 
by  the  exprefs   declaration,  that  in  fadt  there  were  fach  {lories 
built  by  the  A-lmighty  :  or,    as  it  is  otherwife  expreffed,    that 
*"  he  made  them  with  all  their  hoffs/' 

Th^ 
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'The  laft  member  of  theferies  is  the  waters  above  the  heavens. 
Thefe  waters,  arguing  from  analogy,  feern  to  indicate,  and  to 
be  defcriptive  of  atmofpheres,  that  farround  thofe  orbs,  amply 
provided,  like  our  atmofphere,  with  waters,  and  other  elements, 
proper  for  the  fupport  of  animal  and  vegetable  life  3  and  for 
other  important  purpofes. 

The  number  of  thofe  flories,  or  concentric  orbs,  feems  In- 
definite.  The  gradation  clearly  denotes  a  plurality  of  them  : 
each  having  its  hofts — its  funs  and  planets,  or  fyftems.  The 
ample  fpaces  between  them,  like  the  fpace  infolded  by  the  orb, 
Xo  which  we  more  immediately  belong,  are  beautified  by  thofe 
glorious  bodies,  which,  within  each  of  the  orbs,  conftitute 
fyftems  innumerable,  ferving  the  like  noble  purpofes,  vvhich 
.  our  folar  fyftem  is  calculated  to  ferve,  and  doth  ferve. 

The  foregoing  paiTages  of  fcripture  thus  interpreted,  appear 
to  agree,  in  their  refult,  with  the  phenomena  above-mentioned  i 
and,  like  them,  to  be  naturally,  and  without  force,  applicable 
to  the  purpofe,  for  which  they  were  produced  „  Such  agree- 
ment, it  is  apprehended,  fhews  the  propriety  and  fitnefs  of  the 
interpretation:  as,  on  the  other  hand,  a  difagreement  withphe=^ 
nomena  would  prove  the  unfitnefs  or  falfity  of  any  interpreta- 
,  tion  ;  and  manifefl  it  to  be  totally  jnadmiffible. 

When  fcripture  and  phenomena  thus  agree,  they  mutually 
elucidate  each  other  j  and,  in  that  cafe,  what  is  deducible  from 
tlie  one,  is  confirmed  by  the  other.  As,  therefore,  thofe  paf^ 
fages  agree  with  the  phenomena,  they  both  together  corrobo- 
rate the  evidence^  which  each  afforded  feparately,  of  the  exif- 
tence  of  an  interior  orb. 

With  refped:  to  the  exterior  orbs,  the  evidence  for  them 
rjnuft  reffc   on  fcripture.     There  can  be  no  phenomena,  frorn 

which 
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which  to  deduce  their  reality  :  unlefs  th^  aperture,  or  gap  afore* 
mentioned,  with  what  it  difclofes,  be  admitted  as  fuch. 

The  phenomena,  exhibited  through  that  aperture,  are  indeed 
remarkable  ;  and  may  indicate  an  exterior  orb,  or  the  bright  re- 
gion between  that,  and  the  orb,  which  more  immediately  fur- 
rounds  us  :  in  which  bright  region,  as  well  as  in  fome  other 
of  the  lucid  fpaces  in  the  expanfe,  there  feems  to  be  an  unin- 
terrupted and  perpetual  day,  . 

If  in  fadl  there  be  fuch  an  aperture,  the  fame  appearances  with 
thofe,  from  which  it  was  deduced,  may  indicate  other  apertures  in 
the  other  lucid  fpaces,  and  in  the  Milky  Way  :  fjr  the  afcertain- 
ing  of  which,  the  obfervations  of  the  ingenious  Mr.  Uerfchel^ 
with  his  largeft  magnifiers,  ihould  he  think  proper  to  apply 
them  for  that  purpofe,  might  happily  conduce. 

Among  the  purpofes,  for  which  thofe  apertures  were  intends 
ed,  if  they  really  exift,  this  may  be  one,— to  give  to  the  intra-^ 
orbic  and  tranf-orbic^^^tm^iomQ  intimation  of  each  ot^er^ 
and  of  their  mutual  relation  3  and  to  aiford  them  a  glimpfe  cf 
the  grand  complicated  fyftem,  of  which  they  are  parts. 

The  immenfity  of  thofe  orbs  doth  not  invalidate  their  exif- 
tence  :  on  the  contrary,  immenfity  is  fo  congenial  to  our  ideas 
of  the  Creator,  and  his  works,  that  it  affords,  as  applied  to 
thofe  orbs,  an  internal  prefumptive  proof  of  their  reality. 

On  the  fuppofition  of  their  exigence,  what  an  affemblage  of 
glorious  bodies  do  they  exhibit  !  peopled  by  an  unlimited  va- 
riety of  beings,  and  arranged  in  a  gradation  beautiful  and  alio- 
nifhing  !  Trace  the  gradation  from  the  fmaller  to  the  larger 
planets,  circling  around  their  fun,  and  with  liim  forming  a  mag^ 
niiicent  i^^Qt^vci  \  Trace  it  from  that  fyftem,  through  fuccef- 
iive  fyilems,  to  their-  furrounding  orb  !     Trace  it  from  orb  ta 

orb^ 
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orb;  ?nd  through  their  feveral  hofts  of  fyflems  up  to  the  fupe- 
rior  orb,  and  its  ambient  atmofphere  !  Trace  it  in  every  pof- 
fible  direction,  from  the  common  centre  to  the  utmoft  verge  of 
th^i-:  atmofphere,  and  the  mofl  wonderful  phenomena,  in  a  rap- 
ture-inlpirinj  fucceilion,  flrike  the  mental  eye  !  impreffing  the 
idei  of  a  complete  whole,  felf-balanced,  and  held  in  union  by 
univerfal  gravtation  !  exhibidng  a  fuperlatively  grand  fyllem  of 
fyftems,  embofomed  in  the  infinite,  all-comprehending  eflence 
of  the  Creator  ! 

Grand  and  magnificent  as  this  fyftem  is,  there  may  be  ano- 
ther incomparably  more  fo  ;  compofed  of  myriads  of  fuch  fyf- 
tems,  governed  by  the  fame  laws,  and  with  it  furrounded  by  an 
immenfe  orb,  to  counter-balance  the  gravitation  of  the  included 
iyflems. 

That  other  fyflem  may  be  a  part  of  a  flill  more  fplendid  one^ 
formed  on  the  fame  plan  ;  and  this  latter  may  enter  into  the 
compofition  of  other  fyftems,  beyond  comparifon  fuperior  to  it : 
£ach  fucceeding  iyflem,  in  a  regular  progreffion,  rifing  in  dig- 
nity and  fplendour.  And  thus  we  may  go  on,  enlarging  our 
idea  of  thofe  fyftems,  indefinitely. 

What  is  there  to  check  that  idea,  when  we  confider  the  in- 
finity of  fpace,  in  connection  with  the  infinite  wifdom,  power 
and  benevolence  of  the  Author  of  nature  ;  and  at  the  fame  time 
refle(5t,  that  infinite  iJ3ace  is  the  proper,  and  the  oilly  adequate 
theatre  for  the  difplay  of  thofe  perfeftions,  and  of  fuch  a  cha- 
racter ? 

This  hypothefis,  by  introducing  folid  orbs,  may  poffibly,  on 
a  fuperficial  view  of  it,  be  thought  a  revival  of  the  ancient  or 
Ptolymeian  Syftem,  and  to  grow  out  of  it.  But  on  the  con- 
trary, it  will  be  found,  upon  examinatiorij  totally  inconfiftent 

with. 


needful  to  preferve  the  7naterml  Syjiem.  2  ^  ^ 

with  it ;  and  to  be  in  reality  the  offspring  of  the  new  philofb . 
phy  :  derived  from  the  grand  principle  of  that  philofophy— t 
univerfal  gravitation. 

Upon  the  v^hole  : — The  hypothefis,  fofaras  it  relates  to  the 
exiilence  of  the  interior  orb,  immediately  furrounding  the  vifi- 
ble  heavens,  the  author  of  it  apprehends  to  be  a  probable  de« 
duaion  from  the  principle  of  gravitation  ;  and  to  be  deducible 
alfo  from  phenomena  and  fcripture«  He  offers  it  for  confidera- 
tion,  with  the  hope,  that  if  it  fhould  appear  not  wholly  ground* 
iefs,  it  may  be  produdive  of  a  happier  illuftration. 


F£ 
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IV.  An  Account  of  a  very  uncommon  Darknefs  in  the  States 
of  New-England,  May  19,  1780.  By  Samuel  Wil-» 
LiAMS,  A.  M.  Hollis  Profefor  of  Mathematics  and  Philofo- 
fhy  in  the  Univerfty  at  Cambridge. 

HE  bsfl  method  to  promote  the  knowledge  and  fcience 
of  nature.  Is  to  proceed  bj  way  of  obfervation  and  ex- 
periment. The  general  courfe,  productions,  and  laws  of  na- 
^urcj  fhould  be  carefully  and  fleadily  attended  to  :  and  when 
any  new  phenomena  appear,  all  the  circumftances  and  effed:s, 
relating  to  them,  fliould  be  particularly  noted  and  colledled. 
In  this  way  we  fhall  be  moil  likely  to  arrive  at  the  knowledge 
of  their  caufes  :  or,  at  leafl,  v/e  fhall  prepare  thofe  materials 
which  may  enable  pofleri ty  to  determine,  with  certainty  and 
precifion;,  on  what  at  prefent  may  be  but  imperfediiy  under- 
flood. 

With  this  view,  I  fhill  endeavour  to  lay  before  the  Society, 
as  particular  an  account  as  I  can  collesft,  of  the  uncommon 
darknefs  which  took  place  in  the  flates  of  New-England, 

The  time  of  this  extraordinary  darknefs,  was  May  19,  178c. 
It  came  on  between  the  hours  of  ten  and  eleven,  A.  M.  and 
continued  until  the  middle  of  the  next  night  ;  but  with  differ- 
ent appearances  at  different  places.  As  to  the  manner  of  its 
approach  it  feemed  to  appear  firft  of  all  in  the  S.  W.  The 
wind  came  from  that  quarter,  and  the  darknefs  appeared  to  come 
on  with  the  clouds  that  came  in  that  diredion.  The  degree  to 
which  the  darknefs  arofe,  was  different  in  different  places.  In 
moft  parts  of  the  country  it  was  fo  great,  that  people  were  un- 
able to  read  common  print — determine  the  time  of  day  by  their 

clocks, 
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clocks  or  watches — dine  cr  manage  their  domeftic  burinefs, 
without  the  Hght  of  caiivi.cs.  In  ibme  pb.ces,  the  darknefs 
was  fo  great,  that  perfoi-s  could  not  fee  to  read  common  print 
in  the  open  air,  for  favcral  hours  together  :  but  I  believe  this 
was  not  generally  the  cafe.  The  extent  of  this  darknefs  was 
very  remarkable.  Our  intelligence,  in  this  refpedt,  is  not  fo 
particular  as  I  could  wifh  :  but  from  the  accounts  that  have 
been  received,  it  feems  to  have  extended  all  over  the  New-Eng-^ 
land  ilates.  It  was  obferved  as  far  eail  as  Falmouth, — To  the 
weflvvard,  we  hear  of  its  reaching  to  the  furtheft  parts  of  Con^ 
neciicuty  and  Albany. — To  the  fouthv/ard,  it  was  obferved  all 
along  the  fea-coafls  : — ^and  to  the  north,  as  far  as  our  fettle- 
ments  extend.  It  is  probable  it  extended  much  beyond  thejfe 
limits,  in  fomc  diredlions  :  but  the  exa<5t  boundaries  cannot  be 
afcertained  by  any  obfervations  that  I  have  been  able  to  collecflo 
With  regard  to  its  duration^  it  continued  in  this  place  at  leafl 
fourteen  hours  :  but  it  is  probable  this  was  not  exadcly  the  fame 
in  diirerent  parts  of  the  country.  The  appearance  and  efeSls 
v;2re  fuc!i  as  tended  to  make  the  profpccl  extremely  dull  and 
gloomy.  ■  Candles  were  lighted  up  in  the  houfes  -, — the  birds 
having  iMXig  their  evening  iox\^^y  difappeared,  and  became  ii- 
lent  3 — the  fowls  retired  to  roofl:  ; — the  cocks  were  crowing 
all  around,  as  at  break  of  day  ; — objed:s  could  not  be  diflin- 
guifhed  but  at  a  ver)^  little  diflance  -,  and  every  thing  bore  the 
appearance  and  gloom  of  night. 

Such  were  the  general  appearances  or  phenomena  of  this  ex- 
traordinary darknefs.  I  (hall  now  mention  fuch  particular  ob- 
fervations as  I  have  been  able  to  colled:,  which  were  either 
made  on  this  phenomenon,  or  feem  to  relate  to  it. 

F  f  a  With 
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With   regard  to  the  ftate   of  the  atmqfphefe  preceding  chis 
uncommon  darknefs,  it  was  univerfally  obferved  for  fevefal  days 
before,  that  the  air  appeared  to  be  full  of  frnoke  and  vapour. 
The  fun  and  the  moon  appeared  remarkably  red  in  their  colour^ 
and  divert sd  of  their  brightnnfs  and  lucid  appearance  :  and  this 
obfcuration  increafed  as  they  approached  nearer  to  the  horizon. 
This  was  obferved" to  be  the  cafein  almoil  all  parts  of  the  New^- 
E?2gla?id  {^2itQs,  for  four  or  five  days  preceding  the  19  th  of  Mayo 
The  winds  had  been  variable  ;  but  chiefly  from  the  S«  Wo  and 
N.  E.     The  thermometer  from  40°  1055°;     The  barometer 
rather  high  for  tliis  part  of  America,— £rom  29  inches  80,  to  30 
inches  50.     The  weatlier  had  been  fair,  and  cool  for  the  feafono. 
As  to  the  flate  of  the  atmofphere  when  the  darknefs  came  on, 
it  was  obfervable,  that  the  weight  or  gravity  01  it  v/as  gradu- 
ally  decreafmg  the  bigger  part  of  the  day.     This  may  be  infer- 
red from  tkxQ  obfervations  that  were  made  in:  this  place  hy  the^ 
Rev.  ProfefTcr  Wiggkfworth^.2i\Qi.  Mr.  Gannett,     At  12^-  they 
found  the  mercury  in  the  barometer  flood  at  29  inches  70.    At 
12^-  30',  the  mercury  had  fallen  the  -j-^-b-  part  of  an  inch.     At 
i^^-  it  was  at  29  inches  (^j.     At  3^- it  was  at  29  inches  65.    At 
8^-  8 '  it  was  at  29  inches  64.     I  made  a  courfe  of  barometrical 
obfervations  fimilar  to  thefe,  at  the  fame  time,  in  a  different 
part  of  the  ftate.     I  was  then  at  Bradford,  about  thirty  miles 
north  of  this  place,  nearly  under  the  fame  meridian,  or  rather  a 
little  to  the  eaft.     At  6"-  A.  M.    I  found  the  mercury  in  the 
barometer  29  inches  82.     As  foon  as  the  darknefs  began  to  ap- 
pear uncommon,    I  obferved  the  barometer  again,  and  found 
'-the  mercury  at  29  inches  68  :  this  was  at  10^-20'.  At  10^-45', 
the  darknefs  afofe  to  its  greateft  degree  in  that  part  of  the  coun- 
itry  5  and  the  mercury  was  then  at  29   inches  (yj.     The  dark- 
nefs 
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nefs  contiPAif^d  in  the  iame  degree  for  an  hour  and  an  half.  At 
iz''-  15',  the  mercury  had  fallen  to  2:;>  iachcs  65  ;  and  in  a  few 
minutes  after  this,  the  darknefs  began  to  abate.  The  meFcury 
remained  in  this  ftate  until  evening,  without  any  fenfible  altera- 
tion. At  8^-30  ,  it  feemed  to  have  fallen  a  little  ;  but  fofmall 
v/as  the  alteration,  that  it  was  attended  with  fome  uncertainty  5 
nor  could  I  preceive  that  it  flood  any  lower  at  1 1^^-  30'. 

Both,  thefe  barometers  appear  to  be  very  good  inftruments^ 
That  ufed  in  this  place  was  made  by  Champney  :  that  which  I 
ufed  was  made  by  Nairne  :  and  they  may  both  be  depended  on 
as  to  the  accuracy  of  their  conftru<5lion.  It  may,  however,  be 
proper  to  obferve,  that  the  houfe  where  I  made  my  obferva- 
tions,  flood  at  leaft  forty  or  fifty  feet  higher  than  that  in  v/hich 
die  obfervations  were  made  here. 

And  from  thefe  obfervations  it  is  certain,  that  on  the  day 
when  the  darknefs  took  place,  the  weight  or  gravity  of  the  at- 
mefphere  was  gradually  decreafing  through  the  whole  day.* 

The  colour  of  objects  tliat  day,  was  alfo  worthy  of  remark » 
It  is  mentioned,  in  the  obfervations  made  by  the  gentlemen 
here,  that  *'  the  complexion  of  the  clouds  was  compounded 
of  a  faint  red,  yellow,  and  brown  :  and  that,  during  the  dark- 
nefs, objedis,  which  commonly  appear  green,  were  of  the 
deepeft  greenj  verging  to  blue  ;  and  tliat  thofe  which  appear 
v/hite,  were  highly  tinged  witk  yellow."  Much  the  fame  ob- 
iervation  was  pretty  generally  made..  .Almofl:  every  objtO:  ap- 
peai'ed   to  me  to  be   tinged   w-ith  yellow   rather  than  with  any 

other 

*  Feirenha't's  Xhfirjnometer,  a.t  BradforJ,  at  6'''.    A.  M.  was  at  39*^.     At  I2\   it 

ftoodat  51^.     At  9h.  P.  M.  it  was  at  46^ At  Camhiid^e,  at  i2Mt  was  at  51!°* 

At  3^  P,  M.  it  flood  at  51°. 
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other  colour.     This  I  found  to  be  the  cafe  with  every  thing  I 
held  up  to  view,  whether  near,  or  remote  from  the  eye. 

Another  thing  that  deferves  our  attention  is,  the  nature  and 
appearance   of  the  vapours  that  were   then  in  the  atmofphere. 
Early  in  the  morning,    the  weather  was   cloudy  :  the  fun  was 
but  jufl  vifible  through  the  clouds,  and  appeared  of  a  deep  red, 
as  it  had  for  feveral  days  before.     In  mofl  places  thunder  was 
heard  feveral  times  in  the  morning.     The  clouds  foon  began  to 
rife  from  the  S.  W.  with  a  gentle  breeze  ;  and  there  were  feve- 
ral fmall  fhov,'£rs  before  eight  o'clock  :  and  in  fome  places  there 
were  ihowers  at  other  times,  throughout  the  day.     The  water 
that  fell  was  found  to  have  an  uncommon  appearance,  being 
thick,  dark  and  footy.     A  gentleman,  who  was  then   at  Ipf- 
wic.by  obferves,  that  **  he  found  the  people   much  furprized 
with  the  ftrange  appearance  and  fmell  of  the  rain-water  which 
they  had  fwed  in  tubs.     Upon  examining  the  water,    I  found 
(fays  he)    a  light  fcum  over  it,  which  rubbing  between   my 
thumb  and  finger,  I  found  to  be  nothing  but  the  black  afhes 
of  burnt  leaves  :  the  water  gave  the  fame  ilrong  (ooty  fmell 
which  v/e  had  obferved  in  the  air."     The  fame  appearance  was 
obferved  in  many  other  places  :  and  it  was  very  remarkable  on 
Merrimack-Rive?-.     Large  quantities  of  fcum,  or  black  afhes^ 
v/ere  found  floating  upon  the  furface  of  the  water,   that  day. 
In  the  night,  the  wind  veered  round  to  the  N.  E.  and  drove  it 
towards  the  fouth  /hore.     When  the  tide  fell,  it  lay  along  the 
ihore  at  the  width  of  four  or  five  inches.     This  I  found  to  be 
;the  cafe  for  five  or  fix  miles  ; — and  probably  it  was  the  cafe  for 
inany  morCo     I  examined  a  confiderable  quantity  of  this  mat- 
ter ;  and  in  tafte,  colour  and  fmell,  it  very  plainly  appeared 
^to  be  nothing  more  than  what  the  gentkman  obferved  at  Ipf- 
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^Ichy — the  black  afhss  of  burnt  leaves,  without  any  fulphure- 
ous,  or  other  mixtures.* 

Being  apprehenfive  whether  there  was  not  fome  uncommon 
matter  in  the  air  that  day,  I  put  out  feveral  flieets  of  clean  pa- 
per in  the  air  and  rain.  When  they  had  been  out  four  or  five 
hours,  I  dried  them  by  the  fire.  I'hey  were  much  fullied,  and 
became  dark,  in  their  colour  ;  and  felt  as  if  they  had  been  rub- 
bed with  oil  or  greafe.  But  upon  burning  them,  there  was  not 
any  appearance  of  fulphureous  or  nitrous  particles. 

The  motion  and  fituation  of  the  vapours  in  the  atmofphere,- 
was  alfo  worthy  of  notice.  In  moft  places  it  was  very  evident 
that  the  vapours  were  defcending  from  the  higher  parts  of  the 
atmofphere  towards  the  furface  of  the  earth.  A  gentleman » 
who  was  then  at  PepperreU,-\  mentions  a  very  curious  obferva- 
tion,  as  to  their  afcent  and  fituation,  "  About  nins  o'clock 
(fiys  he)  in  the  morning,  after  a  fhower,  the  vapours  rofe  from 
the  fprings  in  the  low  lands,  in  great  abundance.  I  took  no- 
tice of  one  large  column  that  afcended  ^vith  great  rapidity,  to 
a  confiderable  height  above  the  highefl  hills,  and  foon  fpread 
into  a  large  cloud  j  then  moved  off  a  little  to  the  weflward. 
A  fecond  cloud  v/as  formed  in  the  fame  manner,  from  the  fame 
fprings,  but  did  not  afcend  io  high  as  the  firfl  :  and  a  third 
was  formed  from  the  fame  places,  in  lefs  than  a  quarter  of  an 
hour  after  the  fecond.  About  three  quarters  of  an  hour  after 
nine  o'clock,  thefe  clouds  exhibited  aver}'  romantic  appearance. 
The  upper  cloud  appeared  of  a-  redifo  colour  :  the  fecond  ap- 
peared, 

*  The  fame  was  obferved  at  Concord  Tm^i  Dover  in  Nciu-Hampjhir;:  at  Bcy-wich^ 
and  many  other  places  in  this  ftate. 

t  Mr,  Eamesj  3  Tutor  \x\  the  Uaivarfit/. 


240  Profeffor  Williams's  Account  of  an 

peared,  in  fome  places,  green  ;  in  others,  blue  ;  and  In  others, 
of  an  indigo  colour  :  the  third  cloud  appeared  almoft  white,'* 
One  of  the  gentlemen  who  obferved  here,  mentions  a  circum- 
llance  of  fomewhat  a  fingular  nature. — '*  While  the  darknefs 
continued  (fays  he)  the  clouds  were  in  quick  motion,interrupt- 
,ed,  fkirted  one  over  another  ;  fb  as  apparently,  and  I  fuppofe, 
really,  to  form  a  confiderable  number  oijlrata  :  the  Xg^^x  Jira- 
turn  of  an  uniform  height  as  far  as  vilible  ; — that  height  con- 
ceived to  be  veiy  fmall  from  the  fmall  extent  of  the  vilible  ho- 
rizon, and  from  this  circumftance  obferved  in  the  evening  :— 
Being  in  the  ilreet,  I  faw  a  perfon  v/ith  a  lighted  torch,  which 
occafioned  a  refled:ion  of  a  faint  red  light,  fimilar  to  a  faint  Au- 
rora Borealis,  at  a  fmall  height  above  my  head.  The  height 
2X  which  the  refledion  appeared  to  be  made,  was  not  more  than 
from  twenty  to  thirty  feet." — And  it  was  generally  remarked, 
that  the  hills  might  be  i<s^Vi  at  a  diftance  in  fome  diredlions, 
while  the  intermediate  ipaces  were  greatly  obfcured  and  dark- 
ened. 

From  thefe  obfervations,  it  feems  as  if  the  vapours,  in  fome 
places,  were  afcending  ;  in  moft,  defcending  ;  and  in  all,  very 
near  to  the  furface  of  the  earth.  To  this  we  may  add,  that 
during  the  darknefs,  objects  appeared  to  caft  a  fhade  in  every 
diredion  :  and  that,  in  many  places,  there  were  feveral  appear- 
ances or  corrufcations  in  the  atmofphere,  not  unlike  th&Aurora 
Borealis :  but  I  do  not  find  that  there  were  any  uncommon  ap- 
pearances of  the  eledric  iire  any  where  obferved  that  day.* 

Having 

*  In  feveral  accounts  It  was  alfo  mentioned,  that  a  number  of  fmall  birds  Were. 
Ibund  fuffocated  by  the  vapour.  "  A  number  were  found  dead  In  feveral  of  the 
,5\cw  towns,  round  the  houfes  ;  and  fome  flev/  into  the  houfes,  as  I  have  been  told 
hj  eye-witnelfes."     Extra(S  of  a  letter  from  Dover ,  in  Ncw-Hampfoire. 


uficommon  Darknefsy  en  May  ig,  1780.  241 

Having  mentioned  the  phenomcnaj  with  fuch  obfervations 
upon  them,  as  I  have  been  able  to  colled,  I  fhali  now  endea- 
vour to  account  for  the  caufe  of  this  unufual  appearance. 

From  the  obfervations  that  have   been  mentioned,  we  may 
conclude  with   much   certainty,  that  the  atmofphere,  on  the 
19  th  of  May,  was  charged  with  an  uncommon  quantity  of  va- 
pour.    That  this  was  the  cafe,  is  evident  from  the  large  quan- 
tity of  fmoke  and  vapour  that  appeared  in   the  atmofphere  for 
feveral  days  before  -,  which  was  fo  great,  as  to  darken  the  fun 
and  moon,and  render  all  objeds,  at  a  diflance,  of  a  dull  and  very 
hazy  appearance.     It  was  alfo  evident,  from  the  defcent  of  thofe 
large  quantities  of  foot,  or  black  aflies,  which,  through  a  long 
extent  of  country,  were  found  mingled  with  the  rain  that  fell^ 
and  floating  on  the  furface  of  the  waters.     And  the  caufe  from 
whence  the  uncommon  quantity  of  thefe  vapours  was  derived;, 
is  eafily  afcertained.     It  is  well  known,  that  in  this   part  of 
America,  it  is  cuflomary  to  make  large  fires  in  the  woods,  for 
the  purpofe  of  clearing  the  lands  in  the  new  fettlements.    This 
was  the  cafe  this  fpring,  in  a  much  greater  degree  than  is  com- 
mon,    in  the  county  of  For^y  in  the  weftern  parts  of  the  flate 
of  New-HampJ/.vre,  in  the  weflern  parts  of  this  flate,  and  in 
yermo?2t,  uncommonly  large  and  extenfive  fires  had  been  kept 
up.     The  people  in  the  new  towns  had  been  employed  in  clear-* 
ing  up  their  lands  this  way,  for  two  or  three  weeks  before  :  and 
fome  large  and  extenfive  fires  had  raged  in  the  woods  for  feve-* 
ral  days  before  they  could  be  extinguifhed.     In  addition,  there- 
fore, to  what  arifes  from  evaporation,    and  thofe  exhalations 
which  are  conftant  and  natural,  a  much  larger  quantity  of  va- 
pour arofe  from  thofe  large  and  numerous  fires,  which  extended 
all  around  our  frontiers.     As   the  weather  had  been  clear,  the 
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air  heavy,  and  the  winds  fmall  and  variable  for  feveral  days  i  the 
vapours,  inflead  of  difperfing,  mufV  have  been  rifing  and  con- 
ftantly  colleding  in  the  air,  until  the  atmofphere  became  highly 
charged  with  an  uncommon  quantity  of  them. 

A  large  quantity  of  the  vapours,  thus  collected  in  the  at- 
mofphere, on  the  1 9th  of  May,  were  floating  near  the  furface 
of  the  earth.  Wherefoever  the  fpecific  gravity  of  any  vapour 
is  lefs  than  the  fpecific  gravity  of  the  air,  by  the  laws  of  fluids, 
fuch  a  vapour  will  afcend  in  the  air.  Where  the  fpecific  gra- 
vity of  a  vapour,  in  the  atmofphere,  is  greater  than  that  of  the 
air,  fuch  a  vapour  will  defccnd  :  and  where  the  fpecific  gravity 
of  the  vapour  and  air  are  the  fime,  the  vapour  will  then  be  at 
reft, — floating  or  fwimming  in  the  atmofphere,  without  afcend- 
ing  or  defcending.  From  the  barometrical  obfervations  it  ap- 
pears, that  the  v/eight  or  gravity  of  the  atmofphere  was  gradu- 
ally growing  lefs,  from  the  morning  of  the  19th  of  May,  until 
the  evening.  And  hence  th^  va|X)urs,  in  moft  places,  were 
defcending  from  the  higher  parts  of  the  atmofphere,  towards 
the  furfiice  of  the  earth.  From  tlie  obfervation  made  at  Fcp- 
perreil J  it  appears,  that  in  fome  places  the  vapours  were  ziccnd^ 
ing,  until  they  arofe  to  an  height  in  which  the  air  v/as  of  the 
fame  fpecific  gravity  ;  where  they  inftantly  fpread,  and  floated 
in  the  atmofphere  : — and  this  height  was  not  much  above  the 
adjacent  hills.  From  thefe  obfervations,  we  are  lead  to  con- 
clude, that  the  place  where  the  vapours  were  balanced,  or  be- 
came of  the  fame  fpecific  gravity  as  the  air,  mufl;  have  been 
very  near  tlie  furface  of  the  earth.  And  hence  we  may  ob- 
ierve, 

That  fuch  a  large  quantity  of  vapour,  floating  in  the  atmof- 
phere, neaPthe  furface  of  the  earth,  might  be  fufficient  to  pro- 
duce 
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.^uce  all  the  phenomena  that  were  obferved  May  19,  1780.— . 
Thus  the  direSiion  in  which  the  darknefs  came  on,  would  be  de- 
termined by  the  dirediion  of  the  wind  -,  v/hich  accordingly  was  ob- 
ferved to  be  from  the  S.  W.  The  degree  of  the  darknefs  would 
depend  on  the  denfity,  colour,  and  fituation  of  the  clouds  and 
vapour  ;  and  the  manner  in  which  they  would  tranfmit,  reflect, 
refract,  or  abforb  the  rays  of  light.  The  extetit  of  the  dark- 
nefs would  be  as  great  as  the  extent  of  the  vapour  :  and  the  du^ 
ration  of  it  would  continue  until  the  gravity  of  the  air  became 
fo  altered,  that  the  vapours  would  change  their  fituation,  by  an 
afcent  or  defcent.  All  which  particulars  will,  I  think,  be 
found  to  agree  very  exadly  with  the  obfervations  that  have  been 
mentionedo  Nor  does  the  effeSl  of  the  vapours,  in  darkening 
terreflrial  obje6ls,  when  they  lay  near  the  furface  of  the  earth, 
appear  to  have  been  greater  than  it  was  in  darkening  the 
fun  and  moon,  when  their  fituation  was  higher  in  the  atmof- 
phere. 

Upon  the  whole,  it  is  evident,  that  tlie  atmofphere  was 
charged,  in  a  high  degree,  with  vapours  -,  and  that  thefe  vapours 
were  of  different  denfities,  and  occupied  different  heights.  By 
this  means  the  rays  of  light  falling  upon  them,  muft  have  fuf- 
fered  a  variety  of  refra(ftions  and  refieftions  ;  and  thereby  be- 
come weakened^  abforbed,  or  fo  far  refleded,  as  not  to  fall  up- 
on objects  on  the  earth  in  the  ufual  manner.  And  as  the  dif- 
ferent vapours  were  adapted  by  their  nature,  fituation.,  or  den- 
fity,  to  abforb,  or  tranfmit,  the  different  kind  of  rays,  fo  the 
colours  of  cbjeds  would  appear  to  be  affected  by  the  mixture 
and  prevalency  of  thofe  rays  that  were  tranfmitted  through  &: 
uncommon  a  medium, 

G  g  ^  la 
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In  what  has  been  faid,  I  have  endeavoured  to  explain  what  I 
take  to  be  the  caufe  of  the  late  unufual  darknefs.  I  would  not, 
however,  be  underflood  to  affert,  that  there  could  not  be  any 
other  caufes  or  circumftances  which  might  jo.n  to  produce  this 
unufual  appearance.  Poffibly  there  might  be  caufes  and  cir- 
cumftances  of  this  nature,  of  which  we  have  no  fufpi- 
cion.  But  as  the  uncommon  quantity  and  iituation  of  the  va- 
pours in  the  atmofphere  might  be  fufficient  to  account  for 
the  phenomena,  it  appears  to  me  to  be  unneceffary  to  look  out 
for  other  caufes,  or  to  go  into  a  particular  examination  of  the 
various  conjectures  that  have  been  advanced  upon  this  fubjedt. 

It  may  not  be  amifs  to  obferve,  that  fuch  appearances,  and 
from  the  fame  caufe,  have  been  obferved  before,  in  this  part  of 
America.  In  the  Philofophical  Tranfadions,  N*^-423,  there 
is  an  account  of  a  remarkable  darknefs,  which  took  place  Oc- 
tober 21,  1716,  O.  S.  It  is  faid,  **  The  day  was  fo  dark, 
that  people  were  forced  to  light  candles  to  eat  their  dinners  by. 
Which  could  not  be  from  any  eclipfe,  the  folar  eclipfe  being 
the  4th  of  that  month."  This  obfervation  was  made  by  Mr, 
Kobie,  a  man  of  great  ingenuity,  and  formerly  a  Tutor  in  the 
Unverfity  :  but  there  is  nothing  faid  as  to  the  caufe,  or  any  other 
particulars.  Several  perfons  have  informed  me,  that  they  re- 
member an  uncommon  darknefs  in  the  year  1732,  Auguft  9, 
O.  S.  and  which  was  afterwards  found  to  be  occafioned  by  an 
uncommon  fire  in  Catiada.  It  is  to  be  wifhed,  that  we  could 
find  fomething  more  particular  upon  this  fubjecl. 

There  was  alfo  a  remarkable  darknefs  at  Detroit ,  Odlober 
19,  1762,  much  like  that  of  May  19  |  of  which  we  have  this 
account,  by  the  Rev.  James  Stirling^  PhiL  Tranf  for  1763, 
vol.  liii.  p.  63,     <*  Tuefday  laftp  being  the  19th  inft.  (i.  e.  of 

<«  Odober) 
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**  Odlober)  we  had  almoft  total  darknefs  for  the  moft  of  the 
«*  day.  I  got  up  at  day  break.  About  ten  minutes  after,  I  ob- 
**  ferved  it  got  no  Hghter  than  before.  The  fame  darknefs  con- 
**  tinued  until  nine  o'clock,  when  it  cleared  up  a  little.  We 
**  then,  for  the  fpace  of  about  a  quarter  of  an  hour,  faw  the 
**  body  of  the  fun,  which  appeared  as  red  as  blood,  and  more 
**  than  three  times  as  large  as  ufual.  The  air,  all  this  time, 
**  which  was  veiy  denfe,  was  of  a  dirty  yellowifh  colour.  I 
**  was  obhged  to  light  candles  to  fee  to  dine,  at  one  o'clock, 
**  notwithftanding  the  table  was  placed  clofe  by  two  large  win- 
**  dows.  About  three,  the  darknefs  became  more  horrible  -, 
**  which  augmented  until  half  paft  three,  when  the  wind  breez- 
**  ed  up  from  the  S.  W.  and  brought  on  fome  drops  of  rain, 
**  or  rather  fulphur,  and  dirt  ;  for  it  appeared  more  like  the 
"  latter  than  the  former,  both  in  fmell  and  quality.  I  took  a 
**  leaf  of  clean  paper,  and  held  it  out  in  the  rain,  which  ren- 
"  dered  it  black  whenever  the  drops  fell  upon  it  ;  but,  when 
"  held  near  the  fire,  turned  to  a  yellow  colour  ;  and  when 
"  burned,  it  fizzed  on  the  paper  like  wet  powder.  During  this 
**  fhower,  the  air  was  almoft  fuffocating  with  a  ftrong  fulphu- 
**  reous  fmell. — It  cleared  up  a  little  after  the  rain. 

"  There  were  various  conje<3:ures  about  the  caufe  of  this  na- 
^'  tural  incident.  The  Indiansy  and  vulgar  among  the  French, 
*'  faid,  that  the  Englijh,  v/hich  lately  arrived  from  Niagara  in 
"  the  velTel,  had  brought  the  plague  with  them.  Others  ima- 
*'  gined,  it  might  have  been  occafioned  by  the  burning  of  the 
"  woods  :  but  I  think  it  moft  probable,  that  it  might  have 
**  been  occafioned  by  the  eruption  of  fome  volcano,  or  fubter- 
"  raneous  fire,  v/hereby  the  fuiphureous  matter  may  have  been 
^*  emitted  in  the  air,  and  contained  therein,  until,  meeting  with 


*'  fomc  watery  clouds,  it  has   fallen  drn^h  together  with   the 
*'  raifx. 

■  We  h:ive  another  account  of  this  phenornetiaj  in  a  letter  from 
an  o.iicer,  who  was  then  at  Df/rt??^,-  to  a  friendat  Wilmington^ 
in  Fenn/ylvanicz.  **  The  i9thof  this  month,  (Odrober,  1762) 
'"  ^vas  the  moft  extraordinary  dark  day,  ■  perhaps,  ever  feen  in 
"  the  world.  At  nine  in  the  inorning,  it  was  fcarce  lighter 
"  than  at  break  of  day,  and  fo  cantinaed  till  about  twelve' 
"  o'cldck,— ^the  air  being  very  full  af  frnoke,  accompanied  with 
"  a  flrong  frnell,  as  of  wood,  flraw,  and  other  ccmbiillibles, 
**  when  burning.  At  half  an  hour  after  one,  it  was  fo  dark 
**  that  we  were  obliged  to  light  candles  to  dine  by.  At  this 
"  time  it  rained  a  little  ;  with  which  fell  a  quantity  of  black 
*'  particles,  like  afhes,  as  turned  every  thing  it  fell  upon  black. 
**  Even  the  river  (which  is  twice  as  wide  as  Ckri/iianam  Penn^ 
*^  Jyhaniaj  v/as  covered  with  black  iroth  j  which,  when  fcum- 
**  ed  off  the  furface,  refembled  the  lather  of  foap,  with  this 
'*  difference,  that  it  was  (and  as  black  as  ink)  more  greafy.  At 
*'  feven  in  the  evening,  the  air  was  more  clear,  and  the  difagree- 
**  able  fmell  was  now  almoft  gone.  We  have  fince  been  in- 
**  formed,  by  people  who  were  twenty  miles  from  hence  that 
**  day,  that  the  darknefs,  rain,  and  fmell,  was  the  fame  with 
^*  them." 

There  does  not  appear  to  have  been  any  thing  to  fupport  the 
conjedlure  of  a  volcano^fubterraneous  fires y  2in&  fulphureous  mat- 
ter.  In  all  other  particulars,  the  phenomena  agree  to  thofe 
that  were  obferved  among  us,  and  feem  to  be  derived  from  the 
fame  caufe. 

Felix,  qui  potuit  rerum  cognofcere  caufas^ 

At  que  met  us  omnes  et  inexorabik  fatum 

Bubjecit  pedibus,' 
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v.  An  Account  of  the  EffeSis  of  Lightning  on  t^wo  Houfes  in 
the  City  of  Philadelphia.  In  a  Letter  from  the  Hon,  Ar- 
thur Lee,  Efqy  F.  A,  A.  to  the  Hon.  James  Bowdoin, 
L.  L.  D,  Pref  A,  A. 

Philadelphia,  July  29,   17810 
S  I  R, 

TW  O  houfes,  in  this  city,  have  been  lately  ftruck  with 
lightning,  attended  with  phenomena  that  are  curious, 
and  may  be  ufeful  j  I  therefore  flatter  myfelf,  that  an  account 
of  them  will  be  agreeable  to  your  Society. 

On  the  26th  June,  1781,  about  ten  o'clock  at  night,  a  large 
houfein  Market-ftreet,  called  Mrs.  Houfe's,  occupied  by  feve- 
ral  Members  of  Congrefs,  was  ftruck  by  lightning,  which  en- 
tered through  the  ceiling  of  the  garret,  leaving  v/hat  appear  ex- 
actly like  Uvo  bullet- holes o  It  then  glanced  along  the  door^- 
tracing  its  pa/Tage  by  a  blackifh  line,  in  an  oblique  diredion,  to 
an  iron- hinge  ^  and  pafTiiig  from  the  uppermoU:  hinge  to  the 
loweil,  pierced  thro'  the  ceiling  into  the  room  below  j  where 
meeting  immediately  with  the  bell-wire,  it  was  conduded  by 
it,  through  all  the  chambers  down  two  florie^,  till  it  ended  at 
the  bell,  wiiich  hung  over  a  back  door  near  the  kitchen  ;  and 
its  condudor  ending  tl^srs,  it  fplit  the  dcor  to  pieces  =  From 
this  bell  there  was  a  wire  v/hich  iliould  have  gone  to  the  ilreet 
door,  but  was  broke  :  yet  v/here  the  bell-handle  (which  was 
iron)  ended  upon  the  frame  of  that  dcor,  th^  neareil:  pannel 
was  fplit  to  pieces.  It  is  therefore  fuppofed,  that  this  v/as  a  fe- 
parate  portion  of  the  elearical  fluid,  which  was  attracT:ed  by  the 
iron  rod  which  formed  the  bell-handle  out-fide  of  the  door. 

The 
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The  houfe  was  /hingled,  and  one  iliingle  appeared  loofened.  A 
man  was  in  bed  in  the  garret  diredlly  under  where  the  fluid  en= 
tered,  and  mufl  have  been  fmitten  by  it,  had  not  the  iron  hinge 
drawn  it  from  that  diredlion  to  itfelf.  The  hinge  was  two  feet 
from  one  hole,  and  two  feet  and  an  half  from  the  other  in  an 
oblique  diredlion.  The  angle,  at  the  corner  of  the  hinge  near- 
eft  the  holes,  was  left  very  bright  ^  and,  probably,  that  angle 
operated  as  a  point  to  attracft  and  receive  the  eledirical  matterc 
The  wire,  in  many  places,  was  melted  ;  and,  dropping,  burnt 
the  floor.  One  of  the  gentlemen,  who  was  in  bed  in  one  of  the 
rooms,  leaping  out  upon  the  floor,  burnt  the  foles  of  his  feet, 
where  they  touched  the  wire.  To  others,  the  wire  feemed  to 
be  in  flames,  and  a  falphureous  fmell  remained  in  the  chambers. 
The  houfe  is  higher  than  any  that  was  near  it,  fituated  on  the 
fouth  fide  of  the  ftreet  -, — has  no  point,  or  conduiflor,  fixt  to 
it  j — was  fl:ruck  at  the  weftern  and  eafliern  ends  3  and  the  back 
door,  which  communicated  with  the  bell-wire,  is  on  the  fouth 
fide.     The  other  that  was  ftruck,  was  at  the  eaftern  end. 

On  the  8.th  of  July,  1 78  1  ,the  wind  being  at  the  northward  of 
weft,  but  variable,  thehoufeof  Dr.Si'z/j/j^/^jjun.  [Plate  III.  Fig.  i .] 
was  alfo  ftruck,  in  a  manner  that  will  be  beft  underftood  by  the  en- 
clofedflcetch,orground-fed:ion,  [Fig.  2.]  of  the  houfe;  though, 
to  comprehend  it,  we  muft  fuppofe,  that  the  courfe  of  the  wire, 
reprefented  by  the  dotted  lines,  is  along  the  ceiling,  inftead  of  the 
floor,  as  is  here  reprefented.  The  traces  of  the  lightning,  that 
appear  in  the  houfe,  (for  there  are  none  outflde)  are  thefe. — At 
the  place  where  the  broken  wire  ends  in  the  pafl^age,  and  is  coiU 
ed  up  at  k,  the  plaifter  is  beat  off,  about  the  fize  of  a  large  hand 
expanded,  to  the  brick  wall,  which  is  uninjured.  Between  the 
hdht  a  and  b,  the  ceiling  is  railed  and  cracked,  in  a  ftraight  di- 

re(^ion. 
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re<flion,  from  one  to  the  other,  but  not  fallen  off.  At  the  front 
door,  in  the  corner,  about  two  feet  from  the  floor,  the  plaifter 
is  broke  off,  as  at  n,  in  the  other  end  of  the  paffage  :  but  there 
is  an  apparent  trace  of  the  lightning  on  the  bricks,  in  a  blueifli 
mark.  There  is  no  communication  betwee-n  this  and  the  wire, 
which  runs  along  the  ceiling  over  it  fixteen  or  feventeen  feet  dif-^ 
tant ;  nor  any  iron  near,  except  it  be  the  back  of  the  fire-place 
on  the  other  fide  of  the  wall,  oppofite  to  where  the  plaifter  is 
beaten  off.  In  the  dining-room,  the  wire  is  melted  from  0  top, 
and  again  from  ^  to  r  ;  all  the  remainder  being  entire,  and  the 
reft  of  the  wire,  in  the  other  parts  of  the  houfe,  and  the  out- 
fide,  uninjured.  The  pieces  of  wire  that  fell  on  the  floor,  burnt 
deep  holes  in  it.  The  condudlor  being  examined,  v/as  found 
to  be  in  good  order  ;  but  the  point,  which  was  copper,  was 
melted  fo  as  to  form  a  fort  of  button  ;  which  had  not  that  de- 
gree of  brightnefs,  which  thofe,  Ikilled  in  the  fuflon  of  cop- 
per, fay  this  metal  preferves  for  fome  time  after  its  having  been 
melted.  This  effe6l  upon  the  point  appears,  therefore,  to  be 
of  an  older  date.  The  conductor  is  about  half  an  inch  diame- 
ter,— enters  about  two  feet  into  the  ground,  and  is  fixt  to  the 
wall  by  fix  iron  ftaples  ;  none  of  v/hich  are  nearly  oppofite  to 
the  wire  in  the  dining-room.  Mrs.  Shippen  felt  an  ele(5lrical 
fhock  as  flie  ftood  in  the  paffage  up  ftairs,  with  her  hand  on  an 
iron  latch.  Thefe  are  the  fa<5ls  ; — and  the  electricians  here  dif- 
fer in  their  opinions,  about  the  manner  of  the  electrical  fluid's 
meeting  with  the  bell-wire.  Some  think  it  defcended  through 
the  condudor  ;  but  being  in  a  greater  quantity  than  the  earth 
would  immediately  receive,  part  quitted  the  conducftor,  and 
paffed  through  the  wall  to  the  wire  neareft  the  condu(ftor.  The 
wire  being  melted  in  that  part,  feems  to  lead  to  this  opinion  : 

H  h  but 
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but  it  is  alfo  melted  in  a  remoter  part  j  which  feems  to  fhew,  that 
it  was  owing  to  partial  defects  in  the  wire  :  and  if  the  fluid  had' 
quitted  the  conductor,  it  would  naturally  have  palTed  off  by  the 
flaples  that  enter  the  wall,  and  fhewn  its  effeds  in  various  parts; 
as  they  directed.  The  other  opinion  is,  that  it  was  conducted 
down  the  wet  roof  of  the  kitchen,  which  is  of  fhingles,  unto  the 
corner,  where,  2Xd^  it  met  with  the  bell -wire  on  the  outfide  of 
the  wall  ;  when  part  went  into  the  dining- room,  and  another 
part  into  the  kitchen  3  and  pafling  from  the  iirft  bell  to  the  fe- 
cond,  (which  is  about  a  foot  from  the  firft,  while  the  third  is 
between  two  and  three  feet  off)  and  by  its  wire  was  condutfted 
into  the  paflage  to  the  coil,  at  ^,  where  it  took  to  the  wall,  and 
Dafled  away.  The  ftroke  at  the  front  door,  mufl  have  been  from 
x  feparate  fource  :  for  it  does  not,  on  a  minute  examination,  ap- 
pear probable,  that  it  penetrated  through  the  wall  of  the  din- 
inp-room  at  the  comer,  0,  (where  the  crank  of  the  bell- wire 
is  faftened  to  the  wall  by  a  fmall  iron  nail,  entering  about  two 
inches)  and  fo  from  that,  paffed  to  the  wire  in  the  palTage, 
which  continues  from  thence  to  the  front  door.  Not  the  lealt 
fign  of  injury  appears  upon  the  roof  of  the  laundry  3  nor  ex- 
ternally, upon  any  part  of  the  houfe. 

From  thefe  obfervations  we  may  conclude,  that  the  manner 
in  which  the  bell-wires  are  diftributed  in  a  houfe,  is  of  great 
moment ;  and  that  they  ought  always  to  be  difpofed  with  a 
view  to  the  poffibility  of  their  becoming  condu^ftors.  From 
the  plaifter  being  deilroyed,  and  the  bricks  uninjured,  it  would 
feem  that  brick  is  a  conduftor,  and  therefore  carried  off  the 
fluid  without  any  further  effect.  That  the  points  of  conductors 
fhould  be  examined  from  time  to  time  ;  becaufe,  in  the  ftate 
in  v/hich  that  of  Dr,  Shippe?u  houfe  wa§  founds  and  had  pro- 
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rbably  been  for  fome  time,  it  would  by  no  means  anfwer  the  end 
of  putting  it  up.  That  a  condudlor  on  each  corner,  or  on 
each  chimney  of  a  houfe,  efpecially  if  of  any  fize,  is  necelTary, 
to  guard  it  compleatly, 

A.     LEE. 

P.  S.  Suppofing  that  the  fluid  came  to  the  uppermoft  crank 
of  the  wire,  at  ^,  firfl,it  would  feem  that  it  did  not  part  with 
Hhat  wire,  in  any  portion,  to  go  to  the  other,  which  ran  clofe 
to  it,  and  entered  through  the  fame  holes  ;  nor  even  to  that 
which  goes  into  the  parlour,  and  is  attached  to  it,  but  kept  to 
the  fame  wire  till  it  ended  j  which  is  conformable  to  what  we 
fee  in  experiment. 


A  fedion  of  Dr.  Shippens  houfe,  v/hich  muft  be  fuppofed  to  be 
that  of  the  upper  parts  at  the  ceiling,  in  order  to  underfland 
the  courfe  of  the  bell-wires,  and  the  paffiige  of  the  eledlri- 
cal  fluid, 

f7.  The  bell  in  the  kitchen,  wliich  anAvers  to  the  parlour 
and  dining-room,  by  the  wire  which  pierces  the  kitchen  wall 
at  dy  and  runs  outfide  of  the  paflage  \^'all  to  that  of  the  dining- 
room,  which  it  pierces  at  e^  and  is  continued  to  the  chimney, 
ending  ztf. — The  portions  of  it,  between  0  />,  and  q  r,  having 
been  melted  by  the  electrical  matter. 

b.  The  bell  which  anfv.-ers  to  the  front  door  :  but  the  wire 
was  broken  at  /,  and  hung  down  upon  the  wall,  ending  in  a 
coil  at  k.  The  bell  b,  is  alineated  with  the  bell  a,  and  much 
nearer  to  it  than  the  third. 

c.  The  bell  which  anfwers  to  the  bed-chambers  up  flairs,  by 
the  faint  dotted  line,  which  pierces  the  wall  with  the  flrfl  wire ; 

H  h  2  runs 
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runs  outfide  with  it,  and  is  fixt  in  the  wall,  in  the  corner,  by  a 
crank,  which  is  about  three  inches  below  that  of  the  dining- 
room,  or  firft  wire  ;  and  when  it  has  pierced  the  wall  into  the 
dining-room,  at  the  corner,  e,  makes  a  fhort  turn,  and  pafles 
through  the  ceiling  up  to  the  chambers.  At  g,  a  wire  goes 
off  to  the  parlour. 

//,  The  place  where  the  plaiiler  was  beat  off  in  the  pafl'age 
at  the  front  door  ;  as  it  was  at  the  other  end  of  the  paflage, 
direcSlly  under  the  coil,  at  k, 

s,  Suppofe  to  be  the  roof  of  the  kitchen,  ending  dlredlly 
over,  and  about  twelve  feet  above  the  crank  of  the  wire,  {/, 
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yi.  An  Account  of  the  EffeBs  of  Lightning  on  a  large  Rock 
in  Gloucefter.  In  a  Letter  from  the  Rev.  Eli  Forbes,  to 
to  the  Rev »  Manasseh  Cutler,  F.  A,  A, 

Gloucefter,   '^july  3,   1783. 
Reverend  Sir, 

ON  the  1 8th  of  March,  1782,  wc  had  a  mofl  fevere  clap 
of  thunder,  and  its  effects  were  mofl  furprifing.  A  large 
rock,  of  the  contents  of  near  ten  feet  fquare  above  ground,  re« 
ceived  the  full  weight  of  its  fhock.  It  flruck  the  rock  near 
the  top,  and  made  an  impreffion  like  that  of  a  cannon-ball.  It 
broke  off  near  twenty  pounds  of  the  folid  ftone,  and  cracked 
the  remaining  body  in  feveral  dire(ftions,  though  not  very  deep. 
Then  it  ran  down  on  the  weftern  fide  of  the  rock  in  three  direc- 
tions, or  main  branches, — each  branch  marking  its  path  with 
a  chalky  colour,  tinged  v^ith  blue.  The  lightning  fo  pene- 
trated the  foiid  ftone,  as  to  alter  the  texture  of  its  parts,  and 
change  its  colour  an  inch  deep  ;  which  ilill  remains  on  a  large 
piece  of  the  rock  now  by  me.     When  thefe  three  branches 

reached  the  ground,  they  took  different  routs. One,  that 

feemed  to  contain  the  greatefl  quantity  of  the  fluid,  took  its 
courfe  northward,  rending  the  ground,  and  throwing  up  cart- 
loads of  earth  when  it  met  v/ith  lar2;e  rocks.  Some  lar2:e  rocks, 
whofe  furfaces  were  nearly  on  a  plain  with  the  earth,  it  pafled 
over,  with  only  marking  its  path,  about  an  inch  and  an  half 
wide,  with  the  fame  colour  as  on  the  rock  it  flruck  firfl  :  then 
it  entered  the  ground,  and  tore  up  the  turf  about  an  inch  deep. 
At  a  rock  in  its  way,  which  rofe  fome  inches  above-ground,  it 
divided  itfelf  into  two  equal  branches,  turning  up  the  turf  from 

the 
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the  bafis  of  the  rock,  till  they  met  on  the  oppofite  fide,  and 
pafled  much  the  fame  courfe,  till  it  came  to  another  rock,  not 
quite  ib  high,  nor  of  fo  wide  a  bafe.  At  this  rock  it  entered 
the  ground,  and  raifed  it  from  its  bed  about,  three  inches>,  tho* 
it  was  of  feveral  tons  weight  -,  v/hich  was  the  laft  efFedis  I  could 
difcover  of  it. 

The  fecond  main  branch,  which  feemed  to  contain  the  next 
greateft  quantity,  took  its  rout  weftward  by  a  ilone  wall  ;  on  the 
north  fide  of  which  was  a  bankof  fnow,  about  fix  inches  deep, 
•  and  v/hich  was  now  in  a.  watery  ftate.    Itfollowed  this  wall  under 
.the  fnow,  rending  and  removing  ibme  of  the  foundation-fhones, 
and  undermining,  others.  Though  it  paffed  chiefly  on  the  north 
-fide  of  the  wall,  under  the  fnow,  yet  it  was  not  confined  to 
that  fide  ;  for -it  crolTed  under  it  feveral  times,  before  it  got  to 
the  diftance  of  fifty  yards.     Then  it  divided  itielf  into  two 
branches  -and  one  turned  off  fouthvvai'd,  acrofsa  piece  of  grafs- 
-land,  a  little  defeending  towards  the  fouth,  about  two  rods  ; 
-which  brought  it  upon  a  plain,  or  level,  with  the  ridge  of  a 
.barn,  which  jftood-on  a  beach  near  the  fea-fide,  about  fifty  rods 
-diftant  from  the  above-faid  grafs-plot.     It  entered  at  the  well 
end,  juft  below  the  peak, — palled  on  the  under  fide  of  the  ridge- 
-pole to  a  king-poil,   where  it  again  divided  into  two  branches  ; 
■one  ran  down  the  poll  like  an  engraver's  tool,  within  four  feet 
of  the  ground,  where  about  one  third  part  of  the  poft  was  hewed 
off;  and  on  the  oppofite  fide  was  afpike,  which  was  juft  en- 
tered into  the  wood,  and  flood  horizontal : — it  paffed  round  the 
-pod  to  the  head  of  the  fpike  j — paffed  over  the  head, — drilled 
afmall  hole, — returned  along  the  fpike  to  the  poft,  and  then, 
Xplintcring  it,  continued  its  courfe  to  the  ground,  and  no  fur- 
,4iier  traces  appeared.     The  other  branch  continued  its  courfe 

on 
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on  the  ridge-pole  to  the  end  ; — ran  down  a  principal  to  a  cor* 
aerpoft,  which  it  pufhed  down,  rending  the  board  which  co- 
vered  it.  In  its  way  to  the  ground  it  left  the  poft,  and  pafTed 
over  two  iron  bolts  that  hung  a  gate  to  the  poft,  leaving  a  frofl- 

ed  tra(5t  on  them  ;— returned  to  the  poft  again,  and  continued 
to  the  bottom,  which  refted  on  a  flat  Hone  3  and  then  pafTed 
acrofs  the  beach,  about  fix  or  eight  rods,  throwing  up  the 
ground  and  pebble-ftones,  till  it  came  to  the  water's  edge,  and 
no  further  effedts  could  be  feen.  The  other  branch,  at  the 
wall,  continued  its  courfe  by  it,  producing  fimilar  effedts  as 
before  it  divided,  until  it  came  near  a  pond  of  water,  when  it 
entered  the  ground,  and  broke  out  near  the  water's  edge,  mak-. 
ing  a  fmall  hole,  and  could  be  traced  no  further. 

The  third  m'ain  branch,  at  the  rock  firll  ftriick,  bent  its 
courfe  eaftvvard.  In  fome  places  it  plowed  deep  furrows  in  the 
earth, — throwing  up  large  quantities-  of  earth-  and  fhones,  and 
threw  fome  ftones,  of  twenty  pounds  weight,  to  the  diflance 
of  four  rods >  In  other  places,  it  only  marked  its  path  as  a 
lambent  fiame,  without  removing  the  lighted  bodies  that  lay  in 
its  way^ .  continuing  its  courfe  to  a  fmall  coUesflion  of  water, 
and  there  ceafed. 

A  number  of  perfons,  within  the  circle  of  t7/o  hundred  yards, 
very  fenfibly  felt  the  ihock.  Thole  that  were  abroad  were 
thrown  to  the  ground,  and- remained  fenfelefs  fome  minutes  : 
thofe  that  were  in  the  adjacent  hbufes,  felt  an  effed:,  or  fhock,. 
like  that  of  eledlricity  ;  by  which  fome  parts  of  the  body  fuifer- 
edmore  than  others.  A  young  Vv^oman,  who  v/as  leaning  v/ith 
her  elbow  againfl  a  jamb  of  a  chimney,  felt  it  ftruck  numb,  and 
remained  fo  for  fome  hours  3  and,  when  it  began  to  recover, 
it  was  in  very  great  pain,     Another  'woman  was  fetting  with 

her 
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her  feet  upon  a  hearth,  who  felt  a  violent  fhock  aerofs  her  legs  j 
and  her  feet  and  about  half  way  of  her  legs  remained  infenfible 
for  fome  time. 

Thus,  Sir,  I  have  given  you  the  particulars  of  the  furprifmg 
operations  of  the  lightning  ;  and  you  may  depend  on  all  that 
I  have  related  to  be  fa6t,  as  I  critically  examined  the  whole  the 
next  day,  and  made  minutes  of  the  fame,  while  on  the  fpot : 
And  you  may  communicate  as  much  of  it  as  you  pleafe  to  your 
learned  Society. 

I  am.  Sir,  &c. 

ELI      FORBES. 
!Rev.  Mr.  Cutler. 

N.  B.  I  have  enclofed  an  imperfe(5t  fketch,  [Plate  III. 
Fig.  3.]  which  may  affift  you  in  forming  your  ideas  of  the  va- 
rious courfes  of  the  lightning. 
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VII.     An  Account  of  a  njery  curious  Appearance  of  the  eledfrU 
cat  Fluids  produced  by  raifing  an  electrical  Kite  in  the  Time  of 
a  Thunder-Jhower.     In  a  Letter  Jrom  Loammi  Baldwin, 
Efq;  F,  A,  A,  to  the  Rev.  Joseph  Willard,   Prefident 
ef  the  Vniverjity  at  Cambridge,  and  V.  Pref  A,  A* 

Woburn,  May  26,  1783, 
Reverend  Sir, 

IN  July,  1 77 1,  I  confh-udcd  an  eledrical  kite  ;  the  ftem 
of  which  was  about  four  and  an  half  feet  long,  and  the 
breadth,  at  the  extremities  of  the  bow,  about  two  feet  :  the 
under  fide  was  covei-ed  with  filk.  About  eight  or  ten  wires, 
of  the  fize  and  length  of  worfled  knitting-needles,  ground  at 
one  of  their  ends  to  a  iharp  point,  were,  at  their  oppofite  ends, 
inferted  into  the  ftem,  at  equal  diftances,  from  one  extremity 
to  the  other.  A  very  fmall  v/ire  was  placed  along  the  ftem, 
with  a  turn  round  each  point  :  and  each  end  of  the  wire,  pafT- 
ing  through  the  ftem,  was  continued,  entwined  round  the  bel- 
ly-band, until  they  met,  and  communicated  with  the  main 
flying  line,  by  which  the  kite  was  raifed.  This  line  was  a 
fmail,  hard  cord,  and  was  foaked  in  water,  previous  to  raifmg 
the  kite.  I  alfo  prepared  a  filk  line,  in  order  to  infulate  the 
kite  after  I  had  raifed  it  to  the  height  intended. 

My  dciign  was  to  make  fome  experiments  in  the  time  of  a 
thunder- ihov/er,  whenever  a  favourable  opportunity  ftiould  offer. 
A  few  days  after,  there  appeared  a  very  heavy  thunder-fliower 
rifing  from  the  N.  W.  attended  with  a  violent  wind,  Vv'hich 
was  then  only  evident  by  the  motions  and  convulfions  of  the 
clouds.     Circumftances,  by  this  time,  became  favourable  for 

I  i  my 
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my  deligns,  although  it  was  yet  calm  where  I  was,     I  made 
ready  my  apparatus  ;  and  the  wind  frefliened  up,  and  prefently 
blew  aconfiderably  hard  gale.    The  higheft  verge  of  the  rifing 
cloud  was  not  yet  elevated  more  than  to  the  iifty-lifth  or  fixtieth 
degree  from  the  horizon,,  but  attended  with  the  moft  piercing 
fhafts  of  lightning,  and  tremendous  thunder  that  I  had  ever  be- 
held or  heard,  at  the  fame  diHance,^ — and  the  zenith  ftill  ferene. 
1  adjufled  the  lines  of  the  kite  as  near  as  I  could  to  the  ftrength 
and  power  of  the  wind;,  and  foon  raifed  it  to  the  height  of 
fome  lofty  trees,  which  flood  near  my  houfe,  or  perhaps  fome- 
thing  higher,  but  I  am  fure  not  much.     By  this  time  I  difco« 
vered  a  rare  medium  of  fire  between  my  eyes  and  the  kite. — I 
cafl  my  eyes   towards  the  ground  ;— the  fame  appearance  was 
there. — ^I  turned  myfelf  around ; — the  fame  appearance  ftill  be- 
tween me  and  eVery  objed:  I  cafl  my  eyes  upon. — I  felt  myfelf 
fomewhat  alarmed  at  the  appearance.     I  ilood,  however,  and 
fealbned  with  myfelf  upon  the  caufe,  for  fome  time,  but  gained 
very  little  fatisfa6li©n,— thefame  fiery  atmoiphere  furroundedme, 
only  mor^  bright  and  apparent,      I  was  about  to  difcontinue 
my  experiments  for  that  time  j  but  reafon  accufed  imagination 
v/ith  error  j  and  fuppofing  it  might  poffibly  be  only  fancy,  not 
knowing  the  caufe  of  fuch  an  appearance,  and  feeling  no  very 
bad  effeds  from  it,   I  continued  to  raife  the  kite*     The  cloud 
had  not  yet  quite  obfcured  the  heavens  over  me,  but  appeared 
fliill  to  be  very  highly,  though  unequally,  charged  with  the  elec- 
trical fluid  j  which,  by  gaining  an  equilibrium,  caufed  an  in- 
ccffant  rattling,  as  if  the  heavens  were  rending  afunder.    All  this 
time,  the  fiery  atmofphere  was  increafmg  and  extending  itfelf, 
with  fome  faint  gentle  flafhings  3  but  v/ith  no  other  effedls  upon 
me  than  a  general  weaknefs  in  my  joints  and  limbs,  and  a  kind 

of 
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.'of  llftlefs  feeling  ;  all  which  might  poffibly  be  only  the  effea: 
of  furprife  : — however,  it  was  futiicient  to  difcourage  me  from 
any  further  attempts  at  that  time.  I  drew  in  the  kite,  and  re- 
tired into  a  fliop,  which  flood  near  my  houfe,  and  continued 
there  until  the  (liower  (which  was  «i*-very  fevere)  was  over, 
and  then  went  into  my  houfe,  where  I  found  my  parents  and 
family  vaftly  more  furprifed  than  I  had  been  myfelf ;  who,  after 
^xpreffing  their  aftoniihment,  informed  me,  that  I  appeared  to 
them  (during  the  time  I  /was  raifmg  the  kite)  to  be  in  the 
midft  of  a  large  bright  flame  of  fire,  attended  with  flafhings  ; 
and  expeaed,  every  moment,  to  fee  me  fall  a  facrifice  to  the 
flame.  The  fame  was  obferved  by  fome  of  my  neighbours, 
who  lived  near  the  place  where  I  ftood. 

I  fhall  make  no  remarks,  at  this  time,  upon  the  caufe  ;  but 
leave  it  for  the  prefent  to  the  confideration  of  the  learned. 
I  am.  Sir,  &c. 

LOAMMI     BALDWIN. 

ne  Rev,  Frefident  Willard,  Carre/ponding^ 
Secretary  of  the  American  Academy  of 
Arts  and  Sciences, 
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VIII.     Obfervations   and  ConjeBures  on   the  Earthquakes  oj^ 
'     New-England.     By  Profejjor  Williams,  F,  A.  A, 

IN  looking  over  fome  of  the  hiftories  of  New-England,  I 
obferved,  that  the  r^!gious  turn  of  mind  which  diftinguifli- 
ed  the  firfl  planters  of  New-England,  had  lead  them  to  take 
notice  of  all  the  Earthquakes  which  happened  in  the  country, 
after  their  arrival.  Several  of  them  feemed  to  be  pretty  well 
defcribed  ',  and  in  fome  of  their  phenomena,  there  feemed  to 
be  an  agreement.  As  feveral  of  thefe  accounts  were  contained 
in  writings  but  little  known,  I  thought  it  might  be  of  fome 
fervice  to  philofophy,  if  a  particular  account  of  therii  could  be 
coliedled.  This  is  what  I  have  attempted  in  the  following  trea^ 
tife.  In  ih^Jirfl  part  of  it,  I  have  fet  down  the  mort  particu- 
lar accounts  I  could  find  of  their  phenomena.  The /t'r^W  con- 
tains obfervations  and  remarks  upon  their  agreement  and  opera- 
tions. In  the  third,  conjedures  are  propofed  as  to  their  caufes  : 
and  in  xht  fourth,  fome  general  refledions  are  added  as  to  their 
nature,  ufe,  and  effeds. 

The  moft  likely  way  to  come  to  the  knowledge  of  their 
caufes,  is  to  obferve  all  the  phenomena  that  attend  them.  That 
the  reader  might  have  a  true  account  of  thefe  phenomena,  it 
was  my  endeavour,  in  the  accounts  and  obfervations,  to  note 
all  the  particulars  that  feemed  to  relate  to  them,  however  mi- 
nute or  trivial  fome  of  them  might  appear.  With  this  view, 
I  confulted  all  the  accounts  I  could  find.  From  feveral  of  them, 
(the  Honourable  Profefibr  Wlnthrofs  Ledures  on  Earthquakes, 
in  particular)  I  have  received  much  help.  Others  referred  to 
authors  of  which  I  could  not  have  the  advantage  of  a  perufal. 
That  gentlemen  of  fcience  might  have  it  in  their  power  to  e^?- 

amine 
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amine  with  what  fidelity  and  care  the  accounts  are  drawn  up,  or 
how  far  they  might  be  depended  upon,  I  have  conftantly  refer- 
red to  the  authors  from  which  they  are  taken .  Some  of  the 
accounts,  I  am  fenfible,  are  greatly  impcrfed:  :  as  all  our  con- 
jectures, theories,  and  reafonings,  muft  depend  on  the  accounts, 
it  is  much  to  be  wifhed,  that  fomething  more  accurate  and  per- 
fe<ft,  as  to  feveral  of  them,  might  be  tranfmitted  down  to  pof- 
terity. 

What  is  propofed  as  to  their  caufes,  will  be  judged  of,  by  the 
degree  of  probability  and  evidence  with  which  it  is  attended; 
In  all  philofophical  hypothefes,  a  v/riter  is  in  danger  of  making 
more  of  his  fubjedl  than  will  bear  a  flri<5t  examination.  I  have 
found  fome  difficulty  in  guarding  againft  this  :  and  whether,  at 
laft,  1  have  not  carried  conjeBures,  in  fome  things,  too  far,  the 
reader  mufl  judge  for  himfelf.  After  all,  the  revolutions  of  time 
will  afford  the  fureft  proof  of  the  truth  or  errors  contained  in 
the  following  pages.  I  would,  therefore,  make  it  my  requeil 
to  pofterity,  to  note,  with  care  and  accuracy,  the  phenomena 
that  may  attend  any  future  earthquakes  in  Ncw-JLngland  ;  that, 
if  what  is  here  advanced  as  to  their  caufes,  fliall  be  found  to  be 
true,  it  may  be  confirmed  j  but,  if  found  to  be  falfe,  it  may 
meet  with  the  fate  of  other  errors,  and  be  rejedled.  The  cauic 
of  truth  and  fcience,  is  of  infinitely  more  importance,  thaa 
any  of  our  fchemes  or  conjed:ures  :  and  this  is  vvhiit  I  wiili 
may  prevail,  in  all  countries,  and  in  all  ages. 


Aa 
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An  HISTORICAL  ACCOUNT  of  the  EARTHQUAKES 
of  NEW~ENGLAND. 

T  H  E  lingUfk  arrived  at  Plimouthy  in  Nei.v-England ,  No- 
vember II,   1628.     Theory?  earthquake  that  happe/ied  in  the 
country"  after  their  arrival,  was  on  July  2,   1638,  O.  S.     The 
tJianjicr  of  its  approach,  and  the  'violence  to  vrhich  it  arofe,  are 
pretty  well  defcribed  in  accounts  which  are  yet  cxifliing.     It  is 
defcribed  as  having  been  preceded  with  a  rumbling  noife,  or  low 
jnurmur,  like  remote  thunder.     As  the  noife  approached,  tlie 
earth  began  to  quake,  till  the  /hock  arofe  to  fach  a  violence,  as 
to  throw  down  the  pewter  from  the  flieives,  ftone  walls,  and 
the  tops  of  feveral  chimnies  j  and,  in  fome  places,  made  it  dif- 
ficult for  people  to  avoid  falling.     The  courje  of  this  earth- 
quake, \\\  fome  of  the  accounts,  is  defcribed  as  being  from  the 
wellward  to  the  eaftward.     In  others,  it  is  reprefented  as  com- 
ing from  the  northward,  and  going  oil  fouthward.     It  is  not 
likely  any  great  care,  or  accuracy,  was  employed,  to  determine 
what  particular  point  of  the  compafs  the  roar  or  fhake  came 
from  ;  but  only  to  fix  it  to  that,  which  was  judged  to  be  the 
neareft  cardinal  point,  which  fome  thought  was  the  weft,  others 
the  north.     It  is  mofl  probable,  therefore,  that  a  middle  courfe, 
from  about  north -weft  to  fouth-eall:,  was  the  true  -,  as  this  will 
beft  agree  with,  and  reconcile  all  the  other  accounts  -that  were 
'given  of  its  courfe.     To  what  extent  this  earthquake  reached, 
on  any  point  of  the  compafs,  we  have  no  way  to  determine. — 
It  is  faid  in  general,  that  it  reached  far  into  the  land,  and  was 
obferved  by  the  Indians  much  beyond  any  of  the  Englijh  fettle- 
ments,  which  then  were  but  of  fmall  extent.     And  alfo,  that 

fome  veiTels,  which  were  near  the  coaft,  were  ihaken  by  it. 

In 
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In  about  half  an  hour  there  was  another  fhock,  but  not  fo  long 
or  ftrong  as  the  former.''^ 

'  Omitting  a  fhock  on  Odober  29,  1653,  ^^  ^^°  fmall  to  oc- 
cafion  a  general  notice,  the  next  memorable  earthquake,  was  in 
1658.  In  all  the  ancient  hiflories,  this  is  mentioned  as  a  great 
earthquake.  But  I  cannot  find  any  account  of  the  month,  day, 
violence,  courfe,  efFedls,  extent,  or  any  other  particulars  of  it. 

On  January  26,  1663,  O.  S.  **  at  the  fhutting  in  of  the 
evening,"-)-  another  memorable  earthquake  iliook  New-Eng^ 
land.  Fro^  the  general  expreffions  the  winters  who  fpeak  of  it 
ule,  it  feems  to  have  been  one  of  the  greatejl  this  country  ever 
felt. .  It  is  reprefented  as  being  preceded  with  a  great  noife  and 
roar.  Mention  is  made  of  thehoufes  rocking,  the  pewter  fall- 
ing from  the  fhelves,  the  tops  of  leveral  chimnies  falling  in, 
the  inhabitants  running  out  into  the  ftrects,  paiiengers  being 
unable  to  keep  on  their  feet,  &c..  As  to  its  courfe,  duration y  or 
extent y  nothing  is  to  be  found  in  any  of  tlie  Ne iv -En gland  v/n- 
ters.  But  they  are  v/ell  defcribed  in  the  accounts  that  were 
given  of  this  earthquake  m  Canada,. 

At  the  fame  time,  February  5,  1663,  N.  S.  *'  about  half  an 
hour  after  five  in  the  evening,"  a  m oft  teiTible  earthquake  began 
there.  The  heavens  being  very  ferene,  there  was  fuddenly  heard 
a  roar,  like  that  of  a  great  fire.  Immediately  the  buildings 
were  fhaken  with  amazing  violence.  The  doors  opened  and 
fhut  of  themfelveSj  with  a  fearful  clattering.  The  bells  rang, 
without  being  touched.  The  walls  fplit  afunder.  The  floors 
feparated,  and  fell  down.     The  nelds  put  on  the  appearance  o£ 

precipices, 

*  Vide  yohnfoTCs,  Huhhard'sf  and  Morton*:  accounts  of  this  earthquake. 
I  Morton, 
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precipices  j  and  the  mountains  feemed  to  be  moving  out  of 
their  places  :  and  amidft  the  univerfal  crafh  which  took  place, 
moft  kinds  of  animals  fent  forth  fearful  cries  and  howlings. 

The  duration  of  this  earthquake  was  Very  uncommon.  The 
firft  fhock  continued  half  an  hour  before  it  was  over  ;  but  it 
began  to  abate  in  about  a  quarter  of  an  hour  after  it  firll  began. 
The  fame  day,  about  eight  o'clock  in  the  evening,  there  was  a 
fecond  fhock,  equally  violent  as  the  firfl ;  and  in  the  fpace  of 
half  and  hour,  there  were  two  others.  The  next  day,  about 
three  hours  from  the  morning,  there  was  a  violent  fhock,  which 
lafted  a  long  time  :  and  the  next  night,  fome  counted  thirty- 
two  {hocks  3  of  which,  many  were  violent. — Nor  did  thefc 
earthquakes  ceaie  until  the  July  following. 

Neiv-Efzgland  dind.  New-Tork  were  fhaken  with  no  lefs  vio- 
lence than  the  French  country.  And,  throughout  an  extent  of 
three  hundred  leagues  from  eaft  to  weft,  and  more  than  one 
hundred  and  fifty  from  north  to  fouth,  the  earth,  the  rivers, 
and  the  banks  of  the  fea,  were  fhaken  with  the  fame  violence. 
The  fhocks  fometimes  came  on  fuddenly  -,  at  other  times  by 
degrees.  Somjs  feemed  to  be  directed  upwards  ;  others  were 
attended  with  an  undulatory  motion. — And  throughout  the  vaft 
extent  of  country  to  which  they  reached,  they  feemed  to  re- 
femble  the  motions  of  an  intermitting  pulfe,  with  irregular  re- 
turns j  and  which  commenced  through  the  whole  at  the  fame 
hour. 

This  earthquake  was  attended  with  fbme  remarkable  effeBs. 
Many  fountains  and  imall  rivers  were  dried  up.  In  others,  the 
water  became  fulphureous  :  and  in  feme,  the  channel  in  which 
they  ran  before,  was  fo  altered  that  it  could  not  be  diftinguifhed. 
Many  trees  were  torn  up,  and  thrown  to  a  confiderable  diftance. 

And 
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And  fome  mountains  appeared  to  be  much  broken  and  moved. 
Half  way  between  T'adouffac  and  ^ebec,  two  mountains  were 
fhaken  down  :  and  the  earth  thus  thrown  down,  formed  a  point 
of  land,  which  extended  half  a  quarter  of  a  league  into  the  ri- 
ver St,  Lawrence.  The  illand  Aux  Coudres,  became  larger 
than  it  was  before  :  and  the  channel  in  the  river,  became  much 
altered.* 

From  thefe  accounts  it  is  evident,  that  Canada  was  the  chief 
feat  of  thefe  concuffions  :  and  of  confequence,  as  it  proceeded 
from  thoie  parts,  its  courfe  muft  have  been  from  fome  point 
between  the  weft  and  north  ;  probably  much  the  fame  with 
that  of  1638. 

After  an  interval  of  fixty-four  years,  (in  which  there  had 
been  feveral  fmall  fhocks,  but  none  fo  violent  as  to  occafion  a 
very  long  remembrance-f-)  there  came  on  another  very  memo- 
rable one,  Od:ober  29,  1727,  O.  S.  About  lo^-  40',  P.M. 
in  a  very  clear  air  and  ferene  iky,  when  every  thing  feemed  to 
be  in  a  moft  perfedt  calm  and  tranquility,  a  heavy  rumbling 
noife  was  h^ard.  At  iirfl:  it  feemed  to  be  at  a  diftance,  but  in- 
creafed  as  it  came  near,  till  it  was  thought  equal  to  the  roar  of 
a  blazing  chimney,  and  at  laft  to  the  rattling  of  carriages,  driv- 
ing fiercely  on  pavements.  In  about  half  a  minute  from  the 
time  the  report  was  iirft  heard,  the  earthquake  came  on.     It 

K  k  ,  was 

*  Vide  Frfzier's  Voyage,  p.  210,  211.  Journal  des  Scavans  Mai.  1678.  C/jnr' 
levoix's  Hiftoire  de  la  Nouvel/e  France. 

+  In  Phil.  Tranf.  No.  437,  mention  is  rriade  of  earthquakes  In  1660,  1665,  166S 
and  1669.  Dr.  3father  {peaks  of  earthquakes  in  1670  and  in  I'jo^.  There  was 
another  in  1720,  on  January  8.  But  thefe,  wit]i  fome  others,  having  been  too 
fmall  to  occafion  a  general  notice,  and  being  only  mentioned  without  any  particu« 
lar  account  of  them,  are  pafled  by,  as  not  affording  us  any  light  with  regard  to  the 
nature,  caufe,  or  effe<5ts  of  thefe  phenomena. 


266  Profejfor  W i  L  L I A  M  S  on  ^rthquakes, 

was  obferved  by  thofe  that  were  abroad,  that  as  the  fliake  pafled 
under  them,  the  furface  of  the  earth  fenfibly  rofe  up,  and  then 
funk  down  again  ;  which  muft  have  produced  an  undulation  o£ 
the  earth,  or  a  motion  Uke  that  of  a  wave,  both  perpendicular 
and  horizontal  ;  firft  rifing  in  a  perpendicular  direction,  and  as 
it  fubfided,  fpreading  itfelf  in  a  horizontal  direction  all  around. 
The  nature,  therefore,  or  h'nJ  of  the  motion,  was  undulatory, 
'The  violence  of  the  fliock,  like  that  of  the  other  great  earth- 
quakes, was  fuch  as  to  caufe  the  houfes  to  fliake  and  rock,  as  if 
they  were  falling  to  pieces.  The  doors,  windows,  and  mov- 
ables, made  a  fearful  clattering.  The  pewter  and  china  were 
thrown  from  their  fhelves.  Stone  walls,  and  the  tops  of  feveral 
<ihimnies  were  fhiken  down.  In  fome  places,  the  doors  were 
unlatched  and  burfl  open,  and  people  in  great  danger  of  falling.. 
There  were  various  opinions  as  to  the  duration  of  this  earth- 
quake. The  moft  probable  is,  that  the  fliake  began  about  half 
a  minute  after  the  roar  was  firfl:  heard,  and  rofe  to  its  greatefl 
height  in  about  a  minute  more  ;  and  was  about  half  a  minute 
in  going  oiF.  Whence,  the  duration  may  be  fuppofed  to  have 
been  about  two  minutes.  It  was  very  generally  agreed,  that  the 
courfe  of  this  earthquake  was  from  north -weft  to  fouth-eafl:. 
'*  The  noife  and  fliakes,  it  is  faid,  feemed  to  come  from  the 
**  north- weftward,  and  to  go  off  fouth-eafterly  ;  and  fo  the 
'^  houfes  feemed  to  reel."  This  account  of  its  courfe,  was 
confirmed  by  all  the  others,  one  or  two  excepted,  which  differ 
fo  much  from  one  another,  that  nothing  can  be  determined 
from  -them.  With  regard  to  the  limits  of  this  earthquake,  it 
extended  from  the  river  Delaware,  in  Pennfyhania,  fouth-weff, 
to  Kennebeck,  north-eaff.  At  both  thefe  places  it  was  fenfibly 
f^lt,  though  the  fliake  was  but  fmall.     Its  extent,  therefore, 

from 
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from  fouth-weft  to  north-eaft,  muft  at  leaft  have  been  feven 
hundred  miles,  and  probably  many  more.  As  to  its  other 
limit,  from  north-weft  to  fouth-eaft,  we  have  no  way  to  de- 
termine how  far  it  extended.  It  was  felt  by  veflels  at  fea,  and 
in  the  moft  remote  wefterly  fettlements.  As  it  came  from  the 
unknown  parts,  between  the  weft  and  north,  and  palled  off  into 
the  fea,  it  is  probable  it  might  run  fome  thoufand  miles  in  fuch 
a  courfe. 

There  were  feveral  effeBs  attending  this  earthquake,  which 
feem  worthy  of  remark.  Befides  what  is  common,  as  to  the 
throwing  down  pewter,  fences,  &;c.  it  was  obferved,  that  fe- 
veral fprings  of  water,  and  wells,  that  were  never  known  to  be 
dry  or  frozen,  were  funk  far  down  into  the  earth.  Some  were 
dried  up.  The  quality  ot  the  water  mended  in  fome,  and  io 
altered  in  others  as  to  freeze  in  moderate  weather.  Some  fpots 
of  firm  dry  foil,  became  perfe<5t  quagmires  ;  and  others,  that 
were  full  of  mire  and  water  before,  became  more  dry.  The 
centre  of  this  earthquake,  or  place  of  greateft  violence,  feems 
to  have  been  at  Newbury^  a  town  which  lies  at  the  mouth  of 
Merrimack-River .  "  There,  (according  to  Dr.  Cohians  ac- 
count) **  the  earth  opened,  and  threw  up  fevei-al  loads  of  a  fine 
**  fand  and  afhes,  mixt  with  fome  fmall  remains  of  fulphur  ; 
•*  fo  that,  taking  up  fome  of  it  between  the  fingers,  and  drop- 
'*  ping  it  into  a  chaffing-didi  of  bright  coals,  m  a  dark  place, 
**  once  in  three  times  the  blue  flame  of  the  fulphur  would 
•*  plainly  arifc;,  and  yield  a  very  fmall  fcent.  By  this  it  feems 
'*  evident,  that  it  was  a  fulphureous  blaft  which  burft  open  the 
"  ground,  and  threw  up  the  calcined  bituminous  earth."*    Con- 

K  k  2  cerning 

*  Phil.Tranf.  No.  409.     What  is  here  faid  of  its  being  a  fulphureous  blaft,  feems 
to  be  confirraed  b/  the  accouct  -which  Mr.  Dudh^<  fent  to  the  Royal  Society,  in 

which 
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cerning  this  earth  which  was  thrown  up,  the  Rev.  Mr.  Lowel^ 
minifler  in  Newbury ^  mentions  an  uncommon  circumftance. 
**  One  thing  (fays  he)  I  may  add,  which  is  very  remarkable, 
"  and  which  may  be  depended  on  :  that  about  the  middle  of 
"  April,  that  fine  fand,  which  was  thrown  up  in  feveral  places 
"  in  this  parifh,  at  the  firft  great  fhock,  Odlober  29,  had  a  very 
*'  offeniive  ftench  -,  nay,  was  more  naufeous  than  a  putrifying 
**  corps  i  yet,  in  a  very  little  while  after  it  had  no  fmell  at  all. 
**  How  long  it  was  before  it  begun  to  have  this  ftench  I  am 
**  not  certain.  I  know  it  had  it  not  at  firft  :  and,  I  believe,  it 
"  was  covered  with  fnow  till  a  little  while  before. — There  is  no 
*'  fmell  now."*  Thefe  accounts  refer  to  matters  fo  eafy  to  be 
known,  that  there  is  no  room  to  fulpedt  that  the  authors  (both 
gentlemen  of  a  philofophic  tafte,  as  well  as  of  eminence  in  their 
particular  profeffions)  could  be  miftaken.  And  it  feems  high- 
ly probable,  from  their  obfervations,  that  the  fand  which  was 
thrown  out  by  the  earthquake,  contained  fome  very  noxious, 
ill-fcented  vapour,  or  effluvia  -,  which,  fo  long  as  there  was 
nothing  to  confine  it,  pafied  away  in  quantities  too  fmall  to  be 
perceptible  to  the  fenfes  :  but  when  it  was  kept  together  by 
the  fnow,  gathered  in  fuch  quantities  as  ftrongly  to  infed:  the 
air,  when  the  melting  of  the  fnow  gave  it  liberty  to  evaporate 
freely. 

Some 

■which  he  fays,  "  A  clergyman  in  a  town  about  twenty  miles  from  Bofion  aflured 
"  him,  that  immediately  after  the  earthquake,  there  was  fuch  a  ftink,  or  ftrong 
«'  fmell  of  fulphur,  that  the  family  could  fcarce  bear  to  be  in  the  houfe  for  a  confi- 
««  derable  time  that  night.  The  like  is  alfo  confirmed  from  other  places.  Perfons 
*'  of  credit  do  alfo  affirm,  that  juft  before,  or  in  the  time  of  the  earthquake,  they 
-««  perceived  flalhes  of  light."     Phil.  Tranf.  No.  437. 

*  Xetter.to  Dr.  Colman.    Phil.  Tranf.  No.  409, 
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Some  phenomena  were  obferved  a  few  days  before  this  earth- 
quake, which  deferve  our  notice,  as  having,  probably,  fome 
connexion  with  its  approach.  The  Rev.  Mr.  Alliuy  then  mi- 
nifter  of  Brooklyn,  took  notice  of  an  uncommon  alteration  in 
the  water  of  fome  wells.     "  About  three  days  (fays  he)  before 

*  the  earthquake,  there  was  perceived,  an  ill-ftinking  fmell  in 

*  the  water  of  feveral  wells.    Not  thinking  of  the  proper  caufe, 

*  fome  fearched  their  wells,  but  found  nothing  that  might  thus 
'  infed:  them.  The  fcent  was  fo  ftrong  and  ofFenfive,  that  for 
'  about  eight  or  ten  days  they  entirely  omitted  ufmg  it.     In 

*  the  deepeft  of  thefe  wells,  which  was  about  thirty-fix  feet, 

*  the  water  was  turned  to  a  brimflone  colour,  but  had  nothing 

*  of  the  fmell  ;  and  was  thick  like  puddle-water. ''%  We  have 
this  account  confirmed  by  Mr.  Dudley. — **  A  neighbour  of  his 

'  that  had  a  well  thirty-fix  feet  deep,  about  three  days  before 
'  the  earthquake,  was  furprifed  to  find  his  water,  that  ufed  to 
'  be  very  fv/eet  and  limpid,  ftink  to  that  degree  that  they  could 

*  make  no  ufe  of  it,  nor  fcarce  bear  the  houfe  when  it  was 

*  brought  in  ;  and  imagining  that  fome  carrion  was  got  into 

*  the  well,  he  fearched  the  bottom,  but  found  it  clear  and  good, 

*  though  the  colour  of  the  water  was  turned  wheyifh,  or  pale. 
'  In  about  kvcn  days  after  the  earthquake,  the  water  began  to 

*  mend  ;  and  in  three  days   more,  it   returned  to  its  former 

*  fweetnefs  and  colour."*  And  jufl  before  the  earthquake  be- 
gan, feveral  wells  were  found  to  have  no  water  in  them,  which 
had  great  quantities  before  and  after.  To  whatever  caufe  the  al- 
terations in  tliefe  wells  be  afcribed,  it  can  hardly  be  thought 
but  that  they  had  fome  co?ineBion  with  the  earthquake,  which 

in 
j  Account  of  the  earthquake  of  1727,  by  Mr.  Min, 
*  Phil.  Tranf.  No.  437, 
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in  a  few  days  ran  through  the  whole  country.  Several  fhocks 
were  felt  in  the  northern  parts  of  New^Englandy  for  fome 
months  after  that  of  October  29  :  but  they  were  generally  fmall 
and  of  a  fhort  duration.* 

In  1732,  there  was  an  earthquake,  which,   though  fmall, 
was  of  a  confiderable  extent.     It  came  on  September  5,  O.  S. 
at  about  11  ^-  A.  M.    being  attended  with  a  rumbling  noife  ; 
and  was  of  fuch  violence  as  to  occafion  a  confiderable  jarring  of 
the  houfes.     The  duration  of  it,  was  not  more  than  ten  or  fif- 
teen feconds .    This  earthquake  was  much  more  evident  at  Mont- 
real in  Canada^  than  it  was  in  any  part  of  New -England ;  be- 
ing attended  with  confiderable  damage  there.     As  this  was  the 
chief  feat  of  it,  it  feems  to  have  come  from  thence,  in  a  north- 
wejlerly  courfe,  to  New-England.     Its  extent,  from  fouth-wefl 
to  north-eaft,  was  equal  to  that  of  moft  of  the  earthquakes 
that  have  been  in  the  country  ;  being  felt  from  Maryland  to 
the  northeafierly  parts  of  New-England  :  and  from  north-weft 
to  fouth-eaft,  it  reached  from  Montreal,  and  probably  from 
many  miles  beyond  it,  to  the  fea-coaft.|| 

From  the  year  1732,  though  there  had  been  fome  fmall 
ihocks,  there  was  none  that  occafioned  a  general  notice,  till 
1744.  That  year,  on  June  3,  O.  S.  a  fair  and  hot  day,  there 
was  an  earthquake,  fo  confiderable,  as  to  be  generally  felt  thro' 
the  province.     It  began  a  few  minutes  after  lo^-  A.  M.  being 

preceded 

*  Th£  account  of  this  earthquake  is  colleaed  from  the  printed  accounts  of  it  in 
the  Philofophical  Tranfa^ions,  and  by  feveral  of  the  Nexu-England  minlfters. 

(|  Vide  Phil.  Tranf.  No.  429,  and  for  1757,  p.  13,  and  alfo  ProfefTor  Kalm*s  tra« 
vels,  vol.  i.  p.  44,  2d  edit.  London.  On  February  6,  1737,  at  4^  P.  M.  and  De- 
ccmbcr  7,  a  little  before  eleven  at  night,  fmall  earthquakes  were  felt  at  Bojlgn  t  buji 
ii.0  particulars  are  mcnticned  as  to  their  phenomena. 
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preceded  with  a  very  loud  report  ;  and  is  faid  to  have  rofe  to 
fuch  a  violence^  as  to  fhake  down  fome  bricks  from  the  tops  of 
ibme  chimnies,  and  alfo  fome  pieces  of  ftone  wall.  The  courfe 
of  this  earthquake  is  faid,  by  fome  that  remember  it,  to  have 
been  from  the  ivejlward  to  the  eajiward.  As  to  other  particu- 
lars I  can  find  no  account. -f* 

The  next  earthquake,  that  (liook  the  whole  country,  was  in 
the  year  1755.  November  18,  N.  S.  at  4*^-  11'  35",:}:  in  a 
calm,  ferene  and  pleafant  night,  came  on  the  moft  violent  fhock 
of  an  earthquake  that  was  ever  known  in  New-England.  The 
firft  thing  obfervable,  was  that  rumbling  noife,  or  roar,  w^hich 
as  a  found  fui  generis ,  feemed  a  prelude  to  an  earthquake.  In 
about  half  a  minute,  the  furface  of  the  earth  feemed  to  be  fud- 
denly  raifed  up  ;  and.  in  fubfiding,  was  thrown  into  a  univer- 
fal  trembling,  or  a  very  quick,  jarring,  vibratory  motion,  v/hich 
a<5led  m  an  horizontal  diredion.  This  motion  continued  for 
about  a  quarter  of  a  minute,  and  then  abated  for  three  or  four 
feconds.  Then,  all  at  once,  came  on  a  violent,  prodigious 
fhock,  as  fuddenly,  to  appearance,  as  a  thunder-clap  breaking 

upon 

i  Phil.  Tranf.  for  1757,  p.  14,  and  American  Mag.  for  1 744. 

X  The  beginning  of  this  earthquake  was  determined  to  all  the  exaflnefs  that  could 
be  defired,  by  the  following  accident. — Profe/for  Winthrop  at  CamlnJge,  fome  time 
before,  having  ufed  a  pretty  long  glafs  tube,  in  a  particular  experiment,  fliut  it  up 
in  his  clock-cafe,  for  fecnrity.  This  tube,  Handing  nearly  perpendicular,  muft  have 
been  overfet  by  the  firfl  fhock,  which  made  it  impoffible  for  the  pendulum  to  make 
any  ofcillation,  after  the  tube  had  flruck  againft  it.  The  clock  flopped  at  the  time 
mentioned  above.  Being  a  very  good  one,  and  having  been  adjufled  by  a  meridian 
line,  the  preceding  noon,  itmuflhave  pointed  out  the  beginning  of  the  earthquake 
to  a  great  preclfion-  Had  the  time  been  as  accurately  determined  at  any  other 
diflant  place,  the  velocity  of  its  motion  might  have  been  determined  to  great  exaifl. 
nefs. 
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upon  a  houfe,  and  attended  with  a  great  noife.  This  fudden  an4» 
great  ihock  began  with  the  iame  >^/;2^  of  motion  y  and  was  im-> 
mediately  fucceeded  by  quick  and  violent  concuflions,  jerks  and 
wrenches,  attended  *'  with  an  undulatory,  waving  motion  of 
the  whole  furface  of  the  ground,  not  unlike  the  Ihaking  and 
quaking  of  a  very  large  bogg."  After  this  great  (hock  had 
been  gradually  declining  and  going  off,  near  half  a  minute,  there 
V7as  a  feniible  revival  of  it,  though  of  fhort  continuance  ;  and 
fo  all  by  degrees  became  flill  and  quiet  again. 

The  ^oiolence  of  this  earthquake  was  the  greatefl:  of  any  we  have 
ever  had  in  the  country.  "  In  Bojhij,  belides  the  throwing 
down  of  glafs,  pewter,  and  other  movables  in  the  houfes,  about 
an  hundred  chimnies  were,  in  a  manner,  levelled  with  the  roofs 
of  the  houfes  ;  and  about  fifteen  hundred  fliattercd,  and  thrown 
down  in  part.  Some  were  broken  off  feveral  feet  below  the 
top  ;  and  by  the  fuddennefs  and  violence  of  the  jerks,  canted 
horizontally  an  inch  or  tv/o  over,  fo  as  to  fland  very  dangerouf- 
ly.  Some  others,  thus  broken  off,  were  turned  round  feveral 
points  of  the  compafs,  as  with  a  circular  motion.  The  roofs 
of  fome  houfes  were  quite  broken  in  by  the  fall  of  chimnies. 
The  ends  of  about  twelve  or  fifteen  brick  buildings  were  thrown 
down,  from  the  top  to  the  eaves  of  the  houfes.  Many  clocks 
were  flopped.  The  vane  upon  the  public  market-houfe  was 
thrown  dovn  -, — the  wooden  fpindle,  which  fupported  it,  being 
bioi^en  off  at  a  place  where  it  was  five  inches  in  diameter,  and 
ten  feet  in  height  5  and  which  had  ftood  the  mofl  violent  gufls 
of  wind.  A  new  vane,  upon  one  of  the  churches  in  the  town, 
was  bent  at  the  fpindle,  two  or  three  points  of  the  compafs  : 
and  a  difliller's  ciflern,  m.ade  of  plank,  almoft'new,  and  very 
ftrongly  put  together,  was  buril  to  pieces,  by  the  agitation  of 

the 
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the  llquour  in  it ;  which  was  thrown  out  with  fuch  force,  as 
to  break  down  one  whole  fide  of  the  fhed  that  defended  the 
the  ciflern  from  the  weather  -,  as  alfo  to  ftave  oiFa  board  or  two 
from  a  fence,  at  the  diftance  of  eight  or  ten  feet  from  it." 
Much  the  fame  things  were  obferved  in  the  country.  At 
Springfield,  a  town  diftant  about  eighty  miles  in  a  wefterly  line 
from  Bofton,  a  fpindle  on  one  of  their  churches,  was  bent  to 
a  right-angle. — And  through  the  whole  province,  much  dam- 
age was  done  by  the  throwing  down  of  ftone  fences,  cellar  walls, 
chimnies,  and  the  like.  Thefe  things  may  ferve  to  give  us 
pretty  jull  ideas  of  its  'violence  :  but  it  is  to  be  obferved,  that 
the  violence  of  the  fhock  was  different  in  different  places  j  and 
not  exacflly  the  fame  in  towns  contiguous  to  one  another  j  or 
indeed  in  all  the  parts  of  the  fame  towno 

There  has  been  no  earthquake  in  the  country,  whofe  dura^ 
tion  was  determined  with  fo  much  accuracy  as  was  that  of  this. 
Profeffor  Wintbrop  at  Car.ihridge,  the  day  before,  had  adjufted 
his  clock  and  watch  by  a  meridian  line.     His  clock  was  Hop- 
ped at  4^- 1 1 '  35".     Being  awaked  by  the  earthquake,  he  arofe^ 
and  looking  upon  his  watch,  found  it  to  be  fifteen  minutes  after 
four.     The  jarring  continued  about  a  minute  after  this.     The 
next  day  the  watch  was  found  to  have  kept  time  very  exadly, 
-So  that  the  duration  of  the  earthquake,  taking  in  the  whole  of 
the  time  from  the  firfl  agitation  of  the  earth,  till  it  became  per- 
fedly  quiet,  ^vas  very  nearly  four  and  an  half  minutes  ;  tliough 
the  violence  of  the  ihock  did  not  laft  half  fo  long.     This  ob- 
fervation  of  its  duration  at  Cambridge,  agreed  pretty  well  with 
fome  of  the  fame  kind  made  at  Bofion,  by  gentlemen  who  were 
'ix^y  and  looked  upon  their  watches  when  it  began  and  ended, 

L  1  la 
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lii  other  places,  its  duration  might  be  different,  according  to 
the  different  violence  of  the  Ihock. 

By  the  accounts  of  thofe  who  were  in  the  commons  and 
open  places,  when  the  earthquake  began,  the  caurfe  of  it  was 
nearly  from  north  weft  to  fouth-eaft.  Itwasalmoft  univerfally 
agreed,  that  the  noife  and  flyakes  feemed  to  pafs  in  that  direc- 
tion :  and  thofe  things  which,  were  in  fuch  a  fituation  as  that 
they  might  have  been  thrown  indifferently  to  any  point  of  the 
compafs,  pretty  generally  lay  in  that  direction. 

The  extent  of  this  earthquake,  was  traced  to  a  great  diflance. 
On  the  fouth-weil,  it  reached  as  far  as  Cbejapeake-Bay  in  Ma- 
ryland :  being;  felt  on  the  eaflern,  but  not  on  the  weflern  fide. 
To  the  north-eaff,  it  was  felt  as  far  as  Halifax.  It  is  much 
more  difficult  to  determine  its  weftern  or  eaftern  limit. — It  ex- 
tended to  all  our  back  fettlements  -, — ^was  felt  at  Lake  George, 
and  probably  many  miles  beyond  :  but  at  Ofwego,  fituate  on 
the  fouth-eaftern  ihore  of  Lake  Ontario,  and  diftant  from  Bojton 
about  two  hundred  and  nfty  miles  weff-by-north,  it  was  not  felt 
at  all.  On  the  Atlantic,  the  fhock  was  fo  great  feventy  leagues 
eafl  of  Cape  Ann,  that  the  people  on  board  a  veffel,  in  that 
longitude,  thought  they  had  run  aground,  or  ffruck  upon  a 
rock,  till  on  founding  they  found  they  had  more  than  fifty  fa  - 
thom  water.  By  accounts,  which  were  foon  after  received  from 
the  Wejl-Indies,  it  feems  probable  that  the  earthquake  reached 
as  far  as  thofe  illands  -,  or,  rather,  paffed  by  to  the  eaflward  of 
them.  The  account  was,  "  That  on  the  i8th  of  November, 
<«  about  two  o'clock  in  the  afternoon,  the  fea  withdrew  from 
<*  the  harbour  of  St.  Martins,  leaving  the  veffels  dry,  and  fifh 
"  on  the  banks,  where  there  ufed  to  be  three  or  four  fathom 
•*  water  :  and  it  continued  out  a  confiderable  time  ;  fo  that  the 

<*  people 
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««.  people  retired  to  the  high  lands,  fearing  the  confcqiience  of 
•«  its  return  :  and  when  it  came  in,  it  arofe  fix  feet  higher  than 
"  udia],  fo  as  to  overflow  the  low  lands.  There  was  no  fliock 
**  felt  at  the  above  time." 

As  this  extraordinary  motion  of  the  fea  happened  about  nine 
>hours  after  the  great  iliock  was  felt  in  New-England y    it  feems 
very  likely  to  have  been  occafioned  by  the  fame  convulfion  of 
the  earth.    As  this  earthquake  went  off  fouth-eaftward  into  the 
.  Atlajiticy  it  would  pafs   confiderably  to   the  eafbward  of  ^t. 
Martin  Sy  which   has  about  18^  of  north  latitude,  with  62-^° 
of  weft  longitude.    And  this  was  the  cafe  at  the  ifland.    There 
was  no  fhock  felt  ;  but  the  m.otion  of  the  fea  was  probably 
owing  to  a  great  agitation,  raifed  at  a  confidcrable  diflance,  in 
fome  part  of  the. ocean,  by  the  paflage,   cr  by  an  eruption  of 
the  earthquake,  and  from  thence  propagated  to  that  ifland.— 
And  what  feems   to  be  a  coniirmation  of  this,  the  length  of 
time  was  no  greater  than  what  feems  necefiary  for  fuch  a  pur- 
pofe.     We  cannot,  indeed,  ftate,  with  great  accuracy,  the  ije- 
locity  with  which  the  earthquake  moved  :  but  yet  it  is  verv 
evident  from  its  duration,  and  being  preceded  with  a  roar,  that 
its  motio-n  was   not  very  fwift  :  and  that  of  the  waves,  raifed 
.  Jhereby,  and  propagated  to  the  land,  muft  have  been  much 
flov/er  :  both  of  which  might  eafily  take  up  nine  hours  in  be- 
ing propagated,  and  that  in  a  circular  diredion,  to  fuch  a  dif- 
tance  as  that  of  Bojlon  and  St  Martin  s.     The  extent,   there- 
fore, of  this  earthquake,  from  fouth-weft  to  north-eafl:,  muft 
have  been  about  eight  hundred  miles  :  but  from  north-weft  to 
fouth-eaft,  it  reached  at  leaft  nineteen  hundred  3  and,  perhaps, 
.many  more. 

X  1  z  As 
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As  the  effeBs  of  this  earthquake,  great  alterations  were  ob- 

ferved  in  the  fprings,  wells  and  ponds  of  water.     In  fome,  the 

quality  of  the   water  was   altered  -,  in  others,   the  quantity,. 

New  fprings  were  opened  3  old  ones  dried  up  :  the  channel  in. 

many,  was  much  changed  ;  and  the  water  in  fome  was  obferved 

to  boil  up  in  an  unufual  manner,  for  feveral  days  both  before 

and  after  the  earthquake.     At  Pembroke y  Scituate  and  Lancafr- 

ter,  there  were  chafms  made  in  the  earth.     At  Pembroke,  there- 

were  four  or  five  of  them  3  out  of  fome  of  which,  water  iffued,. 

and  many  cart-loads  of  a  fine,  whitifh  and  compreflible  fort 

of  fand,  was  fpewed.*     Nor  were  its  effeds  confined  to  the 

land  ', — feveral  of  the  fea-faring  men  agreed  in  their  accounts, 

that  almofl  immediately  after  the  earthquake,  large  numbers  of 

fifh,  of  different  forts,  both  great  and  fmall,  came  up  to  the 

furface  of  the  water, — fome  dead,  [and  others  dying.     One  of 

the  fifhing  vefTels,  at  that  time  out  upon  the  Banks,  took  up 

and  brought  in  feveral  quintals  of  thefe  fifh,  which  were  found 

in  large  numbers,  dead  and  dying,  upon  the  furface  of  the 

fea.+ 

There 

*  SpeaVmg  of  this  fand,  "  By  what  I  have  heard,"  fays  Dr.  Mayhew,  «  it  was 
"  of  a  fulphureous  nature."  It  is  to  be  regretted,  that  no  experiments  were  made 
with  it,  to  determine,  with  certainty,  whether  this  was  the  cafe  or  not. 

\  In  phenomena,  of  whofe  caufes  we  have  fo  little  knowledge,  it  is  beft  to  note 
every  oircumftance  however  minute,  and  whether  it  feems  to  have  much  connexion 
with  the  fuppofed  caufes  or  not  ;  as  we  do  not  know  but  that  they  may  be  of  ufe, 
when  future  obfervations  come  to  be  compared  with  them.  For  this  reafon,  it  may 
not  be  amifs  to  fubjoln  to  the  above  account,  i-  That  at  the  time  of  the  earth- 
quake, there  was  no  alteration  in  the  atmofphere,  as  to  its  weight  or  temperature  : 
the  barometer  and  thermometer  not  undergoing  any  alteration.  2.  A  very  great  white 
frofl  was  obferved  in  tlie  morning,  much  larger  than  had  been  for  feverrl  years. 

When  it  was  melted,  Profeflbr  Wlnthro^  meafured  it,  and  found  that  it  covered  the 

ground 
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There  were  feveral  fmall  Shocks  foon  after  this  of  Novem- 
f)er  1 8. — One  in  about  an  hour  and  a  quarter  after  the  firft, 
viz.  at  5^'  29'.  A  fecond,  on  November  22,  at  twenty-feven 
minutes  after  eight  at  night.  A  third,  on  December  19,  at 
10^-  P.  M.  Their  violence  and  duration  was  fmall  ;  their 
courfey  much  like  that  of  the  great  fhock  j  and  their  extent y 
fuch  as  to  be  pretty  generally  felt  through  the  country.  Many 
others,  but  very  fmall,  were  felt  in  different  parts  of  the  Maf-- 
fachufetts  and  New-Ha?npJ}jirey  for  feveral  months  after. 
■  I1M757,  there  was  another  earthquake  ;  v/hich,  tho' fmall, 
was  generally  felt.  I  cannot  find  any  printed  account  of  this 
fhock,  and,  therefore,  can  only  mention  fome  general  obferva- 
tions,  which  I  then  made  of  it.  It  came  on  July  8,  N.  S.  at 
about  2''-20',  P.  M.  I  was  then  in  an  open  field,  furrounded 
with  pretty  high  hills,  from  fouth-wefl  to  north-eaft,  in  com- 
pany with  another  perfon.  The  firfl  thing  we  perceived,  was 
a  fmall  noife,  like  that  of  a  rifing  wind,  which  feemed  to  be  at 
a  great  diftance,.  but  fwiftly  advancing.  It  was  half  a  minute 
before  ihere  was  any  fhock.  This  I  inferred,  not  barely  from 
any  conjedlure  I  was  then  able  to  make,  which  in  a  flate  of 
furprife  mufl  be  greatly  uncertain,  but  from  this  circumflance  : 
after  hearing  the  noife,  we  had  enquired  of  each  other  what  it 
could  be  j  and  as  there  was  no  fhike,  concluded  it  was  not  an 
earthquake,  when  immediately  the  fhock  came  on.  The  con- 
verfation  I  well  remember  ;  and  am  certain  it  mufl  have  taken 
up  half  a  minute,  if  not  more.     Th^Jljock  itfelf  was  not  of  very 

great 

ground  ■^^'^^  parts  of  an  inch  ;  which  was  almoft  double  of  any  there  had  been  for 
feven  years  before,  and  about  five  or  fix  times  as  great  as  what  is  common  in  this 
country.  The  account  of  this  earthquake  is  coUeded  from  ProfeiTor  Wimhrop's 
Le(5lure,  and  account  of  it  in  Phil.  Tranf.  for  1757,  art.  1.  and  from  Drs.  Chaun^ 
ley'i  and  il/<3y^^w'j  accounts  of  it. 
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great  force  ;  but  feemed  as  though  fome  fmall  body  was  fwlft-' 
\y  roUing  along  under,  the, earth,  which  gently  raifed  up  that 
,part  of  the  furiace.  that  was  over  it,  and  then  left  it  as.  gently 
•to  fubfide,    -The  cgiirfe  pf  jthis  earthquake   appeared,    to  rae, 
■to  be  from  the  fouth-weil.  to  the  nortK-ea{l:. — The  noife  and 
fhake  feemed  very  plainly  to  come  on,  ^nd  go  offin^that  direc- 
,tion.     I  might,  however,  be  deceived  by  the  jefledlioa  of  the 
found  from,  the  adjacent  hills,  or  .from  fome  other,  caufe;  for 
almoft  every  one  j.udged  very  differently  of  its  courjfy  that  it 
was -from  aorth-v/eil  to  fouth-eafi:.     TJ^is  was -the  judgment 
,of  feveral  men,    who  were  at  work  together,  in  a  large  open 
field,  whe;-e  theje  was  nothing  to.  refledb.  the  found,  or  miflead 
.  the  judgment.     It  is  not  impoilible  that  both  might  have  been 
right  in  their  opinion  ;  and  this,  upon  the  whole,  I  am  apt  to 
think  was  the  cafe  :  that  although  its  general  coiirfe .^^^^  from 
.  north -\vefl  to  fouthrea^fi:,  yel,  in  ;parti,cular  pj^ices.,  it  left  its  ge- 
..neral  courfe,  and  run  out  to. any  point  of  the  qompafs,  as  the 
,  fubterraneous  .veins,  or  channels,  might  lead  it.     From  the  ef- 
fects of  other  earthquakes,    particularly  that  of  turning  and 
twifting  chimnies,  &c.  it  feems  as  though  this  had  been  the 
.cafe  with  moft  of  ithe  large  earthquakes  we  have  had. 

,  On  die  1 2th  of  March,  176 1,  there  was  alfo  a  fmaU  earth- 
,  quake.  It  began  about  q}^-  30'  in  the  morning.  It  was  faid  to 
have  been  divided  into  two  fhockg,  with  a  fmall  paufe  between, 
the  laft  of  which  was  the  greateft.  The  weather  was  moderate, 
like  that  of  the  preceding  day,  and  a  perfed  calm  refted  on  the 
land  and  water  ;  the  horizon,  all  around,  being  covered  with 
a  whitifii  fog.  The  duration  was  fuppofed  to  be  about  half , a 
minute.  Happening  in  the  night,  and  being  too  fmall  to  awake 
-people  in  general,  nothing  can  be  colleded  with  any  certainty 
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SLS  to  its  courje.  I ts^^/^^Z,  however,  was  confiderable  j  being' 
felt  not  only  in  the  MaJfachufettSy  but  in  mofl  of  the  adjoin- 
ing flates. 

The  fame  year,  on  November  i,  about  %^-  P.  M.  there  was 
another  earthquake.  As  uftial,  this  was  preceded  with  a  heavy 
rumbling  noife,  which  increafed  to  a  pretty  loud  report  as  it 
came  near.  There  was  "a  conllderable  interval  of  time  between 
the  roar  and  the  fhake.  I  endeavoured  to  make  fome  compu- 
tation of  it  by  this  method  :  juft  as  the  fhock  began  to  abate, 
r  looked  on  my  watch  to  note  the  time;  The  report  I  could 
hear  for  about  half  a  minute  after  this.  It  is  probable  it  was 
about  as  long  in  coming  on,  which  would  give  half  a  minute 
between  the  noife  and  fhake.  ■  The  Jhock  itfelf  was  of  the  un^ 
dulatory  kind  ;  not  violent,  but  fufficient  to  make  the  doors  and 
windows  jarr  and  clatter.  Its  courfe  was  very  plainly  from  north- 
weft  to  fouth-eaft,  and  it  was  pretty  generally  felt  through  the 
flate,  and  in  New-Hampfifre'.'  ■ 

In  the  years  1766,  1769,  and  1771,  there  were  fmall  earth^^ 
quakes.  Their  eoiirfes  were  all,  I  think,  from  about  north- 
weft  to  fouth-eaft.  Their  durations  not  more  than  twelve  or 
fifteen  feconds  :  and  their  extent  but  fmall.  Not  being  attend- 
ded  with  any  thing  remarkable,  it  is  not  necelTary  to  write  par^- 
tieular  accounts  of  them. 

November  29,  J 783,  about  ic^-  54",  P.  M.  there  was  ano-  " 
ther  fmall  earthquake  in  New-England.  Its  extent  was  very 
conllderable  ^  being  felt  in  Ferinjylvania,  New-Jerfey,  New- 
Yorky  ConneBicuty  Rhode-IJland,  Majfachujetts  and  New-Hamf- 
Jhire.  At  Bofion,  there  was  but  one  fliock  y  and  that  was  not 
violent  enough  to  be  generally  perceived.  At  Hartford  and 
New-Haven y'm  Conne^iicut ,\i\xt  one  fhockwas  perceived  ;  but 
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it  feems  to  have  been  more  confiderable  than  at  Bojlon.  At 
ISiew-Tork,  three  ihocks  were  felt,  about  the  hours  of  nine, 
eleven,  and  two  the  next  morning.  At  Philadelpbiay  they  had 
a  fliock  about  eleven  o'clock,  and  another  the  next  morning, 
about  two.  At  the  firft  of  thefe,  "  moft  of  the  houfes  were 
"  very  fenfibly  ihaken,"  but  the  other  was  not  generally  felt. 
Being  but  fmall  in  moft  places,  and  happening  in  the  night, 
the  courfe  of  this  earthquake  was  not  much  attended  to.  The 
only  remark  I  can  find  upon  this,  is  in  an  account  from  New^ 
Haven  ;  in  which  it  is  faid,  "  Its  courfe  was  nearly  from  north 
**  to  fouth,  and  it  continued  about  one  minute." 


OBSERVATIONS    and   PvEMARKS    on  the    EARTH- 
QUAKES o^  NEW-ENGLAND. 

TO  have  a  general  view  of  the  agreement  and  difagreement 
of  the  phenomena  that  have  attended  the  earthquakes  of  New- 
England,  it  may  be  of  ufe  to  make  fome  general  obfervations  on 
the  preceding  Historical  Account. 

It  feems  worthy  of  remark,  that  all  the  earthquakes  of  this 
country,  have  been  of  the  fame  kind.  Writers  on  this  fubjedl, 
liave  fometimes  diflinguifhed  earthquakes  into  two  different 
kinds,  according  to  the  different  motions  of  which  they  have 
confifted. — In  fome,  an  horizontal,  in  others,  a  perpendicular 
motion  has  been  chiefly  obferved.  In  the  one,  the  earth  feem- 
.fid  to  move,  as  it  were,  from  fide  to  fide  :  in  the  other,  its 
motion  feemed  to  be  up  and  down.  Both  thefe  motions  have 
been  united  in  the  earthquakes  [of  New-England.  All,  of 
which  we  have  had  any  particular  account,  have  come  on  with 
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an  undtdatojy  motion,  like  that  of  a  wave  ;  which  firft  rifes  till 
it  comes  to  its  greatcft  height,  and  then  fubfides  ;  and  in  fub- 
fiding,  fpreads  itfelf,  wdth  an  horizontal  motion,  all  around. 
This  has  appeared,  with  the  moft  fcnfible  evidence,  to  be  the 
cafe,  in  all  the  earthquakes  I  have  ever  felt.  They  have  all 
appeared,  to  me,  to  come  on,  as  if  a  folid  body,  or  a  wave  of 
earth,  (if  the  exprcffion  may  be  allowed)  was  rolling  along  un- 
der the  furface  of  the  earth ;  which  firft  raifed  that  part  which 
was  over  it,  and  then  left  it  gradually  to  fubfide  :  the  confe- 
quence  of  which  was,  a  flrong  undulatory  motion  of  the  earth  i 
which  was  immediately  fucceeded  with  an  univerfal  trembling, 
or  very  quick,  jarring,  vibratory  motion,  as  though  the  earth 
was  ftruggling  to  recover  its  former  polition. 

Another  thing  obfervablc  in  the  earthquakes  of  Nezv-Erzg^ 
land  is,  they  have  all  gone  in  much  the  fame  courfe.  As  to  two 
or  three  of  the  earthquakes,  we  have  no  account  of  their  courfe  : 
but  in  all  thofe  in  which  it  was  determined,  there  is  a  vei^^ 
great  agreement.  They  are  all  defcribed  as  coming  from  about 
north-weft,  and  going  off  about  fouth-eaft.  As  this  was  the 
cafe  with  all  whofe  direction  was  obferved,  we  may  rationally 
conclude,  that  they  all  proceeded  in  pretty  much  the  fame  ge- 
neral track  ;  in  a  path  from  about  north-weft  to  fouth-eaft, 
though  with  many  fmall  deviations  and  irregularities,  in  parti- 
cular places.  This,  if  I  do  not  miftake,  has  not  been  gene- 
rally the  cafe  in  the  earthquakes  of  other  places.  The  great 
earthquakes  which  have  fpread  defolation  in  Sicily,  Peru,  and 
Jamaica,  inftead  of  proceeding  in  any  regular  courfe,  are  de- 
fcribed rather  as  inftantaneous  blafts,  which  ftruck  dreadfully 
upwards, — not  proceeding  in  any  certain  tra(ft,  from  one  coun- 
try to  another  j  but  13aeh  as  burft  ana  rent  a  large  circle  of  earth 
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all  around.  But  with  us,  they  have  all  proceeded  in  a  different 
manner  ;  and  in  a  manner  apparently  regular  ; — fiercely  driving 
along,  as  it  were,  in  the  fame  path,,  as  though  a  paffage  had 
been  opened  for,  or  by  them,  from  one  country  to  another  ; 
in  fome  places  coming  more  near,  and  in  others,  running  more 
remote  from  the  furface  of  the  earth.  And  the  diflance  to 
which  fome,  and  probably  feveral  have  run  in  the  fame  courfe, 
has  been  greatly  amazing  ; — nineteen  hundred  miles  at  leaft, 
and  how  much  more  we  know  not,- 

From  the  lafl  remark  It  feems  probable,  that  the  earthquakes 
of  this  country,  have  had  their  origin  at  fome  confiderable  dif- 
tance  to  the  north- weft  oi  Neiv-lLngland,  and  poflibly  at  much 
the  fame  place.  Whatever  might  be  the  cafe  with  thofe  fmall 
fliocks  that  have  had  but  a  fmall  extent,  or  where foever  they 
might  begin,  the  larger  ones  have  all  been  obferved  to  come 
from  the  north-wefl ;  and  they  were  of  much  the  fame  vio- 
lence at  the  moft  north-weflcrly  fettlements,  as  at  other  places 
in  the  ecuntiy.  The  place,  therefore,  where  they  have  had 
their  origin,  muil  have  been  in  fome  part  of  the  unlcnown  lands 
which  lie  to  the  north-weft  of  New-England ;  and  probably 
at  fome  confiderable  diflan::e  from  any  of  the.  European  fettle- 
ments ',  as  there  has  been  no  account  from  any  of  them,  in 
which  it  had  not  the  fame  diredlion,  coming  on  from  thenorth- 
Avefl.  Whether  the  great  fhocks  have  all  originated  at  the  fime 
place,  we  have  no  way  to  determine  ;  but  from  thfe  agreement 
of  their  courfes  and  motions,  it  feems  not  an  improbable  fup- 
pofltion. 

There  feems  to  have  been  a  particular  part  of  the  continent 
of  North" America,  which  has  been  the  feat  of  the  earthquakes 
oi  New 'England,  and  to  which  they  have  always  been  confined. 
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'To  the  fouth-vveft,  they  have  feveral  times  reached  as  far  as 
Maryland  ;  but  never  fo  far  as  Virginia  or  Carolina.  To  the 
north-eaft,  they  have  been  bounded  by  Nova- Scotia  -,  having 
never  been  felt  much  further  than  Halifax.  From  the  un- 
known lands,  at  the  north-weft,  they  have  gone  off  fouth-eafl, 
into  the  Atlantic  :  their  extent  this  v^^ay,  being  greater  than  we 
are  able  to  trace  on  either  point  of  the  compafs.  The  pro- 
vince of  MaJTachufettS'Bay,  or  rather,  that  part  of  New-Eng~ 
■land  which  is  about  the  latitude  of  43  *  north,  where  the  river 
■Merrimack  empties  itfelf  into  the  Atlantic y  has  generally  been 
the  centre,  or  place  of  their  greateft  violence.  If  from  this 
place,  a  line  be  drawn  north-weft,  it  will  pretty  well.reprefent 
the  central  courfe  of  the,  earthquakes  of  this  country  :  and  from 
this  line  they  have  extended  about  four  hundred  miles  to  the 
fouth-wefl  and  north -eafl.  It  is  not  meant  to  be  very  particu- 
lar, but  only  general,  as  to  thefe  boundaries. — And  the  whole 
country,  within  thefe  limits,  has  been  repeatedly  iliaken,— 
moft  violently  about  the  middle,  and  leail  fo  towards  the  fouth- 
well  and  north-eaft  boundaries.  As  far  as  can  be  gathered  from 
the  accounts,  it  feems  probable,  that  mofl  of  the  great  fhocks 
.have  reached  to  much  the  fame  places  :  the  fmall  ones,  in- 
deed, have  not  had  fuch  an  extent  j  being  felt  only  in  different 
provinces  and  towns.  But  all  the  earthquakes,  within  the 
above-mentioned  limits,  have  come  fronv  the  fame  point,  and  ran 
in  the  fame  courfe  :  the  great  ones  reaching  to  much  the  fame 
extent,  as  though  there  was  fomething  to  diretfl  their  mictions 
the  fame  way,  and  to  confine  them  to  the  fame  limits. 

With  what  "jclocity  thefe  earthquakes  moved,  it  is  not  eafy 
to  determine.  In  many  accounts  of  earthquakes,  their  motion 
has   been  faid  to  be  inftantaneOus,  like  that  of  the  eled:rical 
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{hock.     The  reverie  has  been  the  cafe  in  the  earthquakes  oF 
New-E72giand.     Inilead  of  being  inftant.ineous,  their  motion 
has  never  been  very  fvvift.     To  compute,  indeed,   with  accu- 
racy, with  what  velocity  any  of  them  moved,  we  have  no  faf- 
ficient  data.    Had  the  times  at  which  any  of  them  begun,  been 
carefully  noted  at  places  whofe  diflances  were  known,  it  miglit 
have  opened  the  way  to  fome  very  curious  conclufions.     But 
all  the  accounts,  excepting  one  of  Profellor  Wtnthropy  are  too 
general  to  form  any  certain  inferences  of  this  kind.     There  is, 
however,  one  article  in  the  accounts  of  the  earthquakes  of 
1727,  1755,  1757  and  1 76 1,  from  whence  wc  may  conclude, 
that  the  velocity  of  their  motion,  was  conliderably  lefs  than  that 
oi found.     Moft  of  the  accounts  of  the  earthquakes  of  1727  and 
'^ISS^  agree,  that  the  roar  was  heard  at  leaft  half  a  minute  be- 
fore the  fhake  began.     The  found,  therefore,  that  was  occa- 
lioned  by  the  approach  of  the  eartliquake,  preceded  the  fhock 
with  a  motion  confiderably  fwifter  than  that  of  the  earthquake 
itfelf.     Now,  found  moves  about  thirteen  miles  in  a  minute  • 
and  the  motion  of  this   was  confiderably  fvvifter  than  the  mo- 
tion of  the  earthquake.     In  the  earthquakes  of  1757  and  176 1, 
the  found  was  alfo  heard  half  a  minute  before  the  iliock  was 
felt  :  and  as  the  report  was  much  lefs,  and  therefore  could  not 
reach  fo  far  as  in  the  larger  fhocks,  the  inference  will  be,  that 
thefe  fmall  fhpcks  moved  with  a  velocity  confiderably  lefs  than 
the  larger  one.     And,   indeed,    the  fuppofition  feems  not  im- 
probable, that  the  'velocity  with  which  an  earthquake  moves, 
(liould  bear  fome  proportion  to  its  violence^ — to  the  ftrength 
and  force  of  thofc  caufes,   by   whofe  operatiori  it   is  produced. 
Whether  there  does  not  feem.  fome  evidence  that  this  has  been 

t}>c  cafe  vvith  us,,  thcreader  Will  jU'^fo^  ^91^  himfelf;,  from  what 
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has  been  obferved  above.  If  this  is  the  cafe,  as  I  beheve  it  is, 
future  obfervacions  may  determine  it  with  much  more  certainty 
and  precifion,  than  any  that  have  yet  been  made. 

But  although  we  are  able  to  difcern  fome  appearances  of  agree- 
ment and  fnnilitude  in  thofe  phenomena  that  have  been  menti- 
oned, we  cannot  difcern  any  in  the  tifnes  in  which  thefc  earth- 
quakes have  happened.  From  their  hiving  all  proceeded  in 
the  fame  courfe,  one  might  be  led  to  fafped:,  wliether  their 
caufcs,  v/hatever  they  are,  operating  in  die  (ame  diredlion, 
would  not  require  nearly  the  fame  intervals  of  time,  to  gather 
fu^cient  force  to  produce  tlie  fame  effects.  But  nothing  of 
this  nature  is  app:irent.  The  intervals  of  time,  at  which  they 
hive  happened,  have  been  yc^vy  different,  and  without  any  ap- 
parent regularity.  Not  to  mention  the  fmailer  ihocks,  there 
have  been  ,nve  which  have  been  diftingulllied  by  their  being 
mach  larger  than  the  reft:  thofe,  I  mean,  of  1638,  1658,  1663, 
1727  and  1755.  Between  the  two  former  of  thefe,  there  was 
an  interval  of  twenty-eight  years. — Between  the  two  next,  an  in- 
terval of  five  years  :  then  one  of  fixty-four  -,  and  between  the 
two  hS\,  of  tv/enty  years.  At  a  medium,  this  will  make  one 
ia  about  tvventy- fcvcn  years.  But  in  thefe  different  intervals, 
there  is  no  apparent  order,  regularity,  or  proportion,  in  the 
times  of  their  happening.  Neither  does  there  feem  to  be  any 
proportion  between  the  intervals  of  time  ^  and  the  violence  of  the 
ff^ock.  One  would  be  apt  to  imagine,  that  the  longer  the 
caufes  were  gathering  ftrength,  the  greater  would  be  the  vio- 
Ijnce  of  the  earthquake  when  it  came  :  and  yet  that  of  1755 
was  greater  than  that  of  1727,  though  the  interval  of  time  had 
not  been  hilf  fo  long.  It  is  to  be  obferved,  howevei-,  that  as 
our  aecounts  of  the  earthquakes  are  but  impcifedl,-  as  to  their 
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number,  and  much  more  fo  as  to  the  degree  of  their  violeace, 
ell  our  reafonings,  upon  this  article,  mud  be  very  uncertain. — 
Nor  could  we,  without  very  accurate  accounts  of  the  time  and  vio- 
lence of  the  earthquakes,  the  fmaller  ones  as  v/ell  as  the  greater, 
/late  any  proportion  between  the  tmies  and  t\\Qjhocksy  fuppof- 
ing  fu.ch  proportions  to  exill:.  But  if  there  are  any  fuch  pro- 
portions, or  any  order  and  regularity,  in  their  periods,  it  is  not 
apparent  ;  but  rather  the  contrary,  from  all  the  accounts  I  have 
been  able  to  colled:. 

It  is.alfo  v^'ortby  of  remavk,  that  thefe  earthquakes  do  not 
'feem  to  have  any  conneBian  with  any  thing  that  falls  under  our 
obfervation.     It  has  been  fufpe^fled,  hy  .thofe  who  account  for 
the  origin  of  earthquakes  on  the  principles  of  elc(flricity,  and  by 
rnany  others,  that    there  is  fome  ccnneclion  between  the  flate 
of  tlie  v/eather,  or  rather  atmofphere,  and  the  happening  of  an 
earthquake.     As  our  knowledge  of  this  fubjedt  is  fo  imperfed, 
it  may  not  be  amifs  to  note  every  thing  of  this  kind.     And  it 
is  obfervable,  tliat  the  earthquakes  have  generally  happened  in 
calm,  ferene  and  plea£mt  weather.     Some  of  the  accounts  are 
very  imperfed  in  this  refped:  :  but,    in  general,    they  .ieem  to 
agree  pretty  much  in  this  particular.     But  though  it  has  gene- 
rally been  the  cafe,  that  the  earthquakes  have  come  on  in  fair 
and  pleafant  v/eather,  it  has  not  been  univerfally  fo. — In  the 
.earthquake  v/hich  happened  November  22,  1755,  after  the  great 
fliock  on  the    1 8th,  the  weather  was  not  clear  and  fair,    but 
dull,  cloudy,  and  attended  with  fmall  fhowers,  and  a  brifk  gale 
at  fouth-weft.— And  in  March,  1771,  there  was  a  fmall  /hock, 
when,  inflead  of  being  fair  weather,  there  was  a  heavy  ftorm.  of 
fnow.     But  perhaps  it  is  of  no  great  confequence  to  mention 
tbis.     It  has  been  more  commoji  for  writers  on  this  fubjed:  to 
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attempt  to  find  fome  preceding  figns,   or  forerunners,   of  thefc' 
events.     And  in   this  refpeci,  fear  and  faperftltion  have  been 
abundantly  fruitful.     Philofophy  has  noihnig  to  do  with  the 
many  idle  reports  of  this   kind,  that  have  prevailed  among  the 
vulgar.     But  among  the  many  things  that  have  been  fuppofed 
to  exill:,  there  is  one  that  deferves  our  notice,  as   having,  pro- 
bably,   a  real  foundation  in  nature.     Ancient  and  modern  wri- 
ters have  fuppofed,  that  it  might  in  fome  cafes  be  a  prelude  to 
an  earthquake,  when  the  water,  in  deep  pits,   wells,   caverns, 
fprings,  6cc.  is  thrown  into  uncommon   motions,  dillurbed, 
altered  and  changed,  as  to  its  courfe,  kind,  or  quality.     It  is 
rational  to  fuppofe,   that  fuch  events  may,  in  fome  cafes,   pro- 
ceed from  thofe  caufes,  which,  in  a  little  time,  have  burfl:  out, 
and  rent  the  adjacent  country.     Some  curious  obfervations  of - 
this  kind,  were  mentioned  by  Meffieurs  Dudley,2in^  Aliin,  as 
happening  a  few  days  before  the  earthquake  of  1727  :  and 
fomething  of  the  fame  kind  was  obferved  previous  to  the  earth- 
quake of  1755.     As  thefe  accounts  have  been  mentioned,*  it 
is  unnecellary  to  repeat  them  here.     I  am  far  from  fupppfing,. 
that  any  certain  prediction  of  earthquakes  can  be  generally  made 
from  jfuch  obfervations  ;  as  fuch  events  may,  and  no  doubt  do 
happen,  without  being  followed  by  any  lliocks  ;  and  earth- 
qi^akes  often  take  place  v/ithout  any  fuch  events.     But  at  the 
fame  time,  it  can  hardly  be  doubted  but  that  the  alterations  ob-* 
ferved  in  the  v/ater  of  thefe  wells,  was  owing  to  the  opera- 
tion of  the  fame  caufes,  that  in  a  few  days  burfl  forth  with 
fuch  violence  as  to  fhake  all  New-E?igland.     With  regard  to. 
the  ill  effeEis  that  have  fucceeded  earthquakes  in  fome  countries,' 
it- is  well  known  there  have  been  many  and  fearful  accounts.. 

f  Vide  p.  265  and  277. 
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In  fome  places,  they  are  faid  to  have  been  followed  with  great, 
mortality,  peftilential  diforders,  and  the  mod  raging  ficknefs. 
Nor  is  it  improbable,  that  the  air  Ihould  be  infected  with  noxi- 
ous effluvia,  from  the  vapours  that  were  before  confined,  and 
perhaps  corrupted.  It  fecms  credible,  that  fomething  of  this 
nature  has  been  the  c  ^ie,  and,  probably,  the  con/eqiience  of  earth- 
quakes, in  fome  places.  Manyof  thefe  reports,  indeed,  feem  to 
be  much  like  what  has  been  faid  of  the  effects  of  comets,  mete- 
ors, and  the  conjun6tions  of  the  planets.— But  at  the  fame  time 
it  feems  probable,  both  from  ancient  and  modern  accounts,  tliat 
in  fome  places,  peflilential  diforders  have,  in  fact,  and  probably 
as  the  confequence,  fucceeded  great  earthquakes.  Nothing  of 
this  nature  has  been  the  cafe  in  New-E^ngland.  It  is,  however, 
highly  probable,  from  the  Rev.  Mr.  Lowel's  obfervation,*  that 
fome  very  noxious  vapour,  or  effluvia,  attended  the  eruption  of 
the  earthquake  of  1727  :  but  no  bad  effeds,  no  peftilential 
diflempers,  no  fweeping  ficknefs,  or  uncommon  diforder  or 
mortality,  has  been  obferved  to  fucceed  any  of  the  earthquakes 
of  this  country  ;  no  otherwife,  at  leafl,  than  what  has  been 
common  at  other  times. 


CONJECTURES  on  the  CAUSES  of  thefe  EARTH- 
QUAKES. 

I N  this  enquiry  into  the  Caufes  of  Earthquakes,  it  is  not 
my  defign  to  enter  into  a  particular  difcuiflon  of  the  feveral 
hypothefes  phikionhers  have  aHTigned,  as  accounting  for  the 
produ>5lion  of  fuch  phenomena. — i  mean  to  confider  the  fub*-* 

jed 
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jed  no  further  than  it  has  relation  to  the  earthquakes  of  New 
England^  and  what  may  be  gathered,  as  to  their  caufes,  from 
the  preceding  History  and  Remarks. 

From  the  phenomena  and  obfervations  that  have  been  men- 
tioned, we  may  fafely  infer,  that  the  earthquakes  of  New -Eng- 
land have  been  produced  by  Jomething  which  has  moved  along 
under  the  furface  of  the  earth.  Whatever  may  have  been  the 
cafe  in  other  places,  all  the  earthquakes  of  this  country,  fo  far 
as  we  have  any  accounts  of  them,  have  been  of  the  fame  kind  ; 
confifling,  not  of  a  fimple  inflantaneous  vibration,  like  that  of 
an  eledlrical  fhock,  but  of  a  gradual  heaving,  fwell,  or  undula- 
tion of  the  earth.  This  has  moved  along  in  much  the  fame 
path,  with  a  motion  not  very  fwift  :  and  it  has  reached  deep 
enough  below  the  furface  of  the  earth,  to  afFc6l  and  difturb  the 
fountains,  fprings,  wells  and  pits  of  water,  Thefe  phenome- 
na, are  effects,  which  would  naturally  lead  us  to  conclude,  that 
the  caufes,  Vv^hatever  they  may  be,  had  their  feat,  rife  and 
operations  under  the  furface  of  the  earth.  And  this  con- 
clufion  from  the  pkenomcna^  is  ilrongly  confirmed  from  obfer-, 
•vdt'ion, — For  the  ihocks  have  come  on,  rofe  to  their  greateil 
heiglit,  and  gone  off,  to  all  appearance  and-obfervation,  as  if 
they  had  been  occafionai  by  the  rolling  of  fome  folid  body  un- 
der the  furiace  cf  the  earth.  In  this  manner  Profeflbr  Win- 
T^/T;p  defcribes  that  v/hich  happened  November  22,  1755  : — 
"  I  was  then,"  fays  he,  ^*  fitting  on  a  brick  hearth  :  and  the 
**  fenfjtion  excited  in  me,  v%^as  exadly  the  fame  as  if  fom_e  fi-nall 
"  folid  body,  by  moving  along  under  the  hearth,  had  raifed 
'*  up  the  bricks  fucceffively,  which  immediately  fettkd  down 

again/'*     The  fame  obfervation  has  been  frequently  made 

N  n  hy 
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by  others  ;  and  is  agreeable  to  all  the  accounts  that  can  be  col- 
lected. And  from  theie  accounts  of  the  feveral  phenomena  of 
the  earthquakes,  and  the  obfcrvations  that  have  been  made  upon 
them,  I  think  we  may  lay  it  down  as  a  pretty  certain  faB,  that 
the  earthquakes  of  New-England  have  been  caufed  by  fome- 
thing  which  has  moved  along  under  the  furface  of  the  country. 

What  thus  moved  under,  and  hove  up  the  fbrfacc  of 
the  earth,  was  probibly  a  Jirong-  elaftic  ijapoiir.  This  is 
inferred  from  the  phenomena  that  have  attended  the  earth- 
quakes. 

Among  thefe  phenomena,  there  were  fome  that  preceded  the 
earthquakes,  and  looked  like  a  previous  preparation.  In  the 
earthquakes  of  1727  and  1755,  in  particular,  it  was  evident, 
that  the  caufes  by  which  they  were  produced,  were  at  v/ork 
feveral  days  before  they  became  ripe  for  an  exploiion.  As  tho' 
fome  grand  fermentation  was  taking  place  in  the  bowels  of  the 
earth,  the  water,  in  feveral  wells  and  fprings,  was  uncommonly 
altered  in  its  motion,  colour,  fmell  and  quality.  This  was  ob- 
ferved  three  or  four  days  before  there  was  any  earthquake.  No- 
thing could  better  agree  with  the  origin  and  produ(9:ion  of  a 
fubterraneous  elaftic  vapour,  than  this  circumftance.  For  ho  w- 
ever  fuch  a  vapour  be  generated,  by  mixture,  fermentation  or 
fire,  it  would  require  fome  previous  preparation,  for  its  produc- 
tion, or  before  it  would  be  collefted  in  fufficient  quantities  to 
caufe  an  explofion,  or  acquire  fufficient  force  to  move  and  fhake 
the  farface  of  the  earth. 

The  no'fe  or  roar,  occafioned  by  the  earthquakes,  has  always 
been  fach  as  might  have  been  cxpeded  from  a  fubterraneous 
vapour,  when  fiercely  driving  along  under  the  furface  of  the 
earth.     What  report  might  be  expeded  frona  a  ftrong  elaftic 

vapour. 
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vapour,  when  its  motion  is  confined  and  dire(5ted  by  a  particu- 
lar channel  or  pailage,  we  may  learn  from  that  of  a  blazing 
chimney.  The  action  of  fire,  when  turning  the  inflammable 
materials,  with  which  the  chimney  abounds,  into  flame  and 
vapour,  produceth  a  noife  or  roar  of  a  very  particular  kind  -,  and 
which  feems  to  be  diflrerent  from  almofl:  any  other  :  and  there 
is  nothing  to  which  the  report  of  our  earthquakes  is  more  fimi- 
lar,  or  has  been  more  often  compared. 

There  is  alfo  an  apparent  agreement  between  the  efFed:s  of  a 
fub terraneous  vapour,  and  the  kind  znd  motion  of  the  fhocks. 
When  the  materials,  from  which  a  fubterraneous  vapour  is  pro- 
duced, lie  promifcuoufly  mingled  and  blended  together,  the 
effe<!l  of  an  explofion  would  be  a  violent  ebullition,  or  blafl 
upwards;  tearing  and  rending  a  circle  of  earth,  all  around. 
This  feems  to  have  been  the  cafe  in  the  earthquakes  of  Sicily, 
Lima  and  Jamaica,  When  the  vapours  can  have  a  regular  dif- 
charge  through  any  aperture  in  the  furface  of  the  earth,  they 
will  vent  themfelves  in  copious  effufions  and  exhalations,  and 
thus  fpend  then-  force  this  way,  as  they  gather  flrength  from 
time  to  time.  Thus  it  has  been  with  Hecla  formerly  ;  and 
with  Vejuviu^,  /Etna,  and  other  volcanoes  now.  But  when 
•the  vapours  are  confined  under  the  furface  of  the  earth,  and 
have  fubterraneous  paflages,  or  proper  ftrata,  for  them  to  run  in, 
hy  the  violence  of  their  expanfion,  they  will  heave  up  the  fur- 
face of  the  earth,  and  thus  caufe,  not  an  inftantaneous  con- 
cufTion,  but  a  progreffive  fwell  or  undulation  of  the  earth.— « 
And  this  will  be  continued  till  the  vapours,  thus  confined,  find 
or  force  for  themfelves  a  paflage,  where  they  may  burft  from 
their  caverns,  and  difcharge  themfelves  into  the  open  air. — 

N  n  2  And 
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And  thefe  are  phenomena  in  all  refpects  agreeing  with  thoie 
that  have  attended  the  earthquakes  of  this  country. 

The  ilrength  and  force  of  fuch  a  vapour,  would  be  fufficient 
to  account  for  the  violence  of  any  fhocks  we  have  had.  A  very 
great  force  muil  be  requiiitc  to  heave  up,  and  caufe  a  progreffive 
fwell  in  the  furface  of  the  earth,  and  this,  perhaps,  from  fome 
depth  below. — And  with  what  force  fubterraneous  vjpours  may 
be  attended,  we  may  form  fome  idea  from  tlieir  eifedts.  In 
thofe  which  have  fhook  Vefuvius  and  Mtna^  it  has  been  no  un- 
common thing  to  fee  them  throw  up  at  once,  fuch  clouds  of 
fand,  aihes  and  pumice- ftones,  as  are  capable  of  darkening  the 
v/hole  air,  and  covering  the  neighbouring  country  with  a  fhower 
of  duft,  &c.  to  many  miles  diftance.  Great  flones,  alfo,  of 
fome  tons  v/eight,  are  often  thrown  to  the  diflance  of  two  or 
three  miles,  by  fuch  exploiions.  Monf.  Eougiier  tells  us,  that 
"  he  met  with  flones  in  S cut h^ America ^  of  eight  or  nine  feet 
diameter,  that  had  been  thrown  from  the  volcano  Catopaxi,  by 
one  of  thefe  blafrs,  to  the  diflance  of  more  than  three  leagues." 
In  JJlloas  account,  the  vv^hole  plain,  near  hatacunga^  is  faid  to 
be  full  of  pieces  of  rocks,  fome  of  which  were  thrown,  from 
the  fame  volcano,  to  the  diflance  of  five  leagues. -f*  If  fubter- 
raneous vapours,  when  they  have  had  nothing  to  confine  them, 
have  aded  v/ith  fuch  force,  we  may  eafily  conceive  that  they 
mufl  heave  up,  and  caufe"  a  progreffive  fwell  in  the  furfiKe  of 
the  earth,  when  their  force  was  confined,  and  their  motion  di- 
rected by  a  particular  paifage. 

The  eruptions  and  effiifions  that  have  attended  our  earthquakes^ 
have  alfb  borne  flrong  marks  of  fubterraneous  vapour.  That 
a  vapour  of  fuiiicient  force  to  {hake  and  move  the  furface  of  a 

whole 
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whole  country,  fliould  break  out  in  many  places,  where  it  came 
near  to  the  furface  of  the  earth,  is  agreeable  to  the  prefumption 
of  theory.  Thus  it  has  been  with  feveral  of  our  earthquakes. 
In  that  of  1727,  there  was  an  eruption  at  Newbury y  attended 
with  an  effufion  of  fand,  containing  fmall  mixtures  of  fulphur, 
and  a  very  noxious,  ill-fcented  vapour.  Strong  fulphureous 
fmells  were  obferved  in  other  places  3  and,  as  fome  fuppofcd, 
there  v/erc  alfo  appearances  of  flame.  In  the  earthquake  of 
1755,  there  were  Qvu^xions  ^t  Scitiiate,  Pembroke,  Lancafier, 
&:c.  vVith  large  effufions  of  fand,  probably  of  a  fulphureous 
nature.  Whether  this  v/as  the  cafe  with  any  of  the  other 
earthquakes,  the  accounts  are  not  particuLir  enough  to  deter- 
mine. But  in  thefe,  both  the  matter  and  fmell  attending  the 
emotions,  afforded  ftrong  marks  and  evidence  of  fubterraneous 
vapours. 

The  earthquakes  of  Ne-w -'England have  alfo  made  fuch  altera- 
tions in  thebov/els,  and  upon  the  furface  of  the  earth,  asaflrong 
fubterraneous  vapour  would  produce.  Very  confiderable  altera- 
tions m'.?ht  be  expected  in  the  bowels,  and  upon  the  furface  of 
the  earth,  and  m  the  fyilem  of  fprings,  fountains,  currents  and 
ilreams  of  v/ater,  from  a  vapour  of  fuch  force  as  to  break  thro* 
the  furface  of  the  earth,  and  of  fuch  extent  as  to  reach  from 
one  country  to  another.  Such  effedshave  always  followed  the 
larger  ihocks.  In  that  of  1663,  incredible  alterations  are  faid 
to  have  been  made  in  the  furface  of  the  earth  at  Canada y  for 
many  leagues  through  the  country.  Rocks  and  mountains 
were,  in  fome  places,  thrown  down,  and  confiderably  removed; 
and  the  channel  in  fome  parts  of  the  river  .S*^.  Lawrence y  v/as 
very  much  changed  and  altered.  In  thofe  of  1727  and  1755, 
the  furface  of  the  earth,  in  fome  parts  of  Ne%v-Englandy  was 

confiderably 
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confiderably  broken  and  changed  ;  and  the  whole  fyftem  of 
fountains  and  iprings,  was  greatly  affedted.  Great  alterations 
were  made  in.  v/ells,  ponds,  fountains  and  currents  of  water  : 
fome  were  dried  up,  others  opened  -,  new  ones  produced,  and, 
in  many,  the  kind,  quality  and  quantity  of  the  w^ater  was 
greatly  changed. — Alterations  in  all  refpeds  fimilar  to  what 
might  be  expedled  from  fubterraneous  vapours,  fiercely  driving 
along  under  the  furface  of  the  earth,  v/ith  a  force  fufficient  to 
move  and  (hake  fo  large  a  part  of  its  furface. 

This  opinion  agrees  alfo  with  the  eJ-eBs  ivhich  the  eai'thquakes 
ha'ue  had  on  the  ivater.  The  earthquakes  of  New-England  have 
been  felt  not  only  upon  the  land,  but  alfo  upon  the  iea.  Seve- 
ral velTels,  which  have  been  upon  the  coafts  at  the  times  of  the 
larger  fhocks,  have  been  very  fenfibly  affedied.  To  the  people 
on  board,  the  fhocks  feemed  as  if  the  veffel  had  llruck  upon  a 
rock  ;  or  rather,  as  if  fomething  had  thumped  againfl  their 
bottoms.  This,  it  is  probable,  was  the  very  cafe;  and  is  agree- 
able to  what  might  be  expelled  from  the  operation  of  fubter- 
raneous vapours. 

The  earthquakes  moved  with  a  velocity  fufficient  to  com- 
municate the  fame  kind  of  motion  to  the  water  that  they  did 
to  the  earth  ;  and  thu^s  caufed  a  very  deep,  large  and  extenfive 
fwell  or  Vv'ave.  This  wave,  arifing  from  the  bottom,  rolled 
along  with  much  the  fame  velocity  as  the  earthquake  moved  : 
the  effedl  of  which,  when  it  came  to  a  veffel  floating  upon  the 
water,  would  be  a  very  confiderable  flroke  or  thump  againfl:  the 
bottom, — more  or  lefs  violent,  according  to  the  violence  of  the 
fhockj  and  the  depth  of  the  water. — And  in  this  manner  have 
veflels,  upon  the  coafl,  been  affected  ; — fome  fcarce  perceiving 
.it^}  others  not  at  all ;  while  to  others  it  was  pretty  violent. 

There 
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.  There  have  been  other  efFeds  upon  the  water,  fuch  as  a  fur- 
prifing  flux  and  and  reflux  of  the  fea, — extraordinary  agitations 
and  commotions  of  the  waters, — an  uncommon  deftrudion  of 
fifh,  &c.  Thefe  effects  have  not  been  common,  and  never  but 
at  a  confiderable  diftance  from  the  coafl  of  New-England, 
And  they  feem  to  be  plain  and  evident  marks  and  effects,  of 
the  difcharge  of  the  fubterraneous  vapours,  at  the  bottom  of 
the  fea.  Such  a  difcharge,  when  fmall,  would  be  fufficient  to 
occafion  the  deftrudtion  of  fuch  fifh  as  were  near  it  :  and  when 
large,  would  put  an  end  to  the  earthquake,  and  produce  the  mofl 
extraordinary  agitations  and  commotions  cf  the  fea,  by  a  furious 
eruption  of  vapours  at  its  bottom  3  which  would  immediately 
force  their  v/ay  through,  or  carry  up  before  them,  the  whole 
body  of  water  that  lay  over  them.  . 

And  thus  as  to  the  conclufion  : — It  might  be  naturally  ex- 
pelled, that  as  the  vapours,  by  which  the  earthquakes  were 
caufed,  were  fome  time  in  growing  ripe,  fermenting,  or  in  a 
flate  of  previous  preparation,  they  would  not  be  wholly  fpent 
or  difcharged  at  once,  but  leave  fmall  remainders  at  particular 
places.  Thus  it  has  proved  in  all  the  great  earthquakes  we 
have  had.  The  vapours,  by  which  they  have  been  produced, 
have  not  been  wholly  fpent  at  the  firfl  lliock  :  but  what  has 
remained,  and  what  has  gathered  after  a  great  explofion,  has 
produced  various  fmall  fhocks  in  feveral  places,  for  fome  time 
after  the  great  ones  : — thus  wafling  and  evaporating  by  little 
and  little,  as  they  were  collected  and  prepared  at  firft  ;  till,  by 
degrees,  all  has  become  quiet  again. 

Such  have  been  the  phenomena  that  have  attended  the  earth- 
quakes of  New-Ejigland, — And  to  me,  they  appear  to  be  fuch, 
as  (viewed  either  together  or  apart)  make  it  highly  pi-obable, 

that 
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that  what  moved  under,  and  hove  up  the  furface  of  the  earth, 

was  a  jlrong  ela/iic  vapour.^' 

The  origin  or  prodiiBion  of  fuch  a  vapour,  may  be  accounted 
for  from  the  QpN  tents  of  the  earth.     Much  the  largeft  part 
of  the  contents  of  the  earth,  v/ill  always  remain  hidden  from 
our  view,  and  beyond  the  reach  of  our  kPiOwledge.     We  have, 
however,  penetrated  far  enough  below  its  furface  to  find,   that 
many  of  the  bodies  it  contains,  are  of  fuch  a  texture,  or  con- 
tain particles  of  fuch  a  nature,  as  to  generate,  or  be  eafily  turn- 
ed into  vapour.     This  is  the  cafe  with  coals,  falts,    fulphur, 
nitre,  air,    water,  molt  kind  of  minerals,  and  all  fubflances 
which  contain  oily  particles.     Such  bodies,  at  leafl:  fome  of  the 
particles   they  contain,  are  eafily  and  often  turned  into  a  very 
ilrong,   fubtle,  elaftic  vapour.     With   fome,    nothing  more  is 
neceflary  to  generate  a  very  powerful  vapour,  than  a  bare  jnix- 
turc  of  different  bodies.     Thus  equal   quantities  of  powdered 
fulphur  and  iron  filings,  being  mixed  with  water,  foon  become 
too  hot  to  be  touched  ;  and  in  a  little  time  emit  flame  and  va- 
pour.    And  if  iron,  oil  of  vitriol,  and  water,    become  mixed 
together,  there  will  inftantly  arife  a  violent  ebullition,  with 
fumes  copioufly  exhaling  ;  and  which  are  fo  very  inflammable, 
that  if  fet  on  fire,  they  go  off  at  once  with  a  loud  explofion. 
The  fame  is  alfo  effected  by  fermeniation,     Inflances   of  very 
flrong  elafl:ic  vapours,   produced  this  way,  are  fo  common  and 
obvious,  that  particular  cafes  need  not  be  mentioned.     All  fe- 
;parable,  mixt  and  compound  bodies,  may  be  the  fubjedl  of  this 
.operation  :  and  the  eafier  they  are  feparable,  whether  by  means 

of 

*  From  the  phenomena  which  have  been  mentioned,  it  feems  probable,  that 
this  elaftlc  A'apour  was  a  flmd.,   of  the  fame  nature  as  that  which  Is  now  called  in- 
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of  water,  air,  or  heat,  ^  the  more  readily  they  ferment. — And 
when  they  do  ferment,  they  will  produce  a  vapour  more  or  lefs 
ftrong,  according  to  the  quantities  of  the  fermenting  matter^ 
and  the  degree  of  the  fermentation.  But  in  no  method  is  a. 
more  powerful  vapour  produced,  than  hyjire.  What  an  amaz- 
ing effeft  will  a  fmall  fpark  of  this  have  on  nitre  and  fulphur, 
when  made  up  into  fuch  a  compofition  as  that  of  gun-powder  1 
How  Imall  a  quantity  of  this  powder,  when  on  fire,  will  ge- 
nerate a  vapour  of  fufBcient  force  to  burft  the  firmeft  rocks  ! 
Air,  by  the  application  of  fire,  becomes  fo  elaftic,  as  to  break 
through  all  oppofition. — And  there  are  many  eifeds  produced 
by  the  vapour  of  water,  when  intenfely  heated,  which  make 
it  probable,  that  the  force  of  gun-powder  is  not  near  equal  to 
it.  And,  in  general,  all  combuftible  bodies  are  capable  of  be- 
ing turned  into  vapour,  by  the  action  of  fire. — And  fire  feems 
to  be  a  fluid,  which  is  fpread  through  almofl  all  bodies  what- 
foever.  It  certainly  exifts,  in  very  large  quantities,  in  the  bowels 
of  the  earth. — Some  parts,  as  the  volcanoes  are  adually  burn- 
ing, and  have  been  throwing  out  fire,  flame,  fmoke,  cinder, 
rocks  and  lava,  for  many  ages. — And  where  there  are  no  fuch 
appearances  of  it.  It  exifls,  and  is  diifufed  in  great  quantities. 
That  this  is  the  cafe  is  evident  from  hot  fprings, — the  warmth 
that  is  always  found  in  deep  mines  and  pits, — and  thofe  burn- 
ing mountains  that  have  been  thrown  up  from  the  bottom  of 
the  fea. — And  v/hen  colledied  into  large  quantities,  its  effeds 
on  v/ater,  air,  the  fumes  of  fermenting  minerals,  and  all  kinds 
of  combuflible  bodies,  would  be  to  generate  a  vapour  more  or 
lefs  ftrong,  according  to  the  quantities  of  the  minerals  of  which 
it  was  compofed. 

O  0  Thus 
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Thus,  in  the  contents  of  the  earth,  %ve  find  fufScient  mate- 
rials for  the  produdlion  of  the  mofl  flrong,  active  and  pov/er- 
ful  vapour  ; — and  fuch  materials  as  do,  in  fadt,  produce  moft 
terrible  volcanoes, — vapours  that  have  hove  up,  and  broke  thro' 
the  furface  of  the  earth, — ^and  earthquakes  that  have  fh:iken  the 
whole  country,  for  twenty  miles  around  Vejii-vms  and  JEtna, 
> — And  fuch  explofions  and  concuffions  are  what  all  thoie  coun- 
tries are  fubjedl  to,  which  abound  with  fulphur,  nitre,  and 
fuch  combuftible  materials. 

As  the  contents  of  the  earth  will  account  for  the  originy  the 
JlruBure  of  it  will  account  for  the  motion  and  dire 5f ion  ofafub- 
terraneous  vapour.     Were  the  globe  a  perfed  folid,  there  could 
be  no  motion  of  a  fubterraneous  vapour  under  its  furface.     But 
this  is  not  the  cafe. — Inflead  of  being  a  perfect  folid,  the  earth 
is  of  a  Ciwernous  JlriiSiiire  ;  containing  various  pits,  holes  and 
caverns.     Some  of  thefe  are  dry  ;  others  are  the  fountains,  or 
contain  currents  of  water  j  and  others  abound  with  the  fumes 
of  fermenting  minerals,  and  with  various  kinds  of  vapour  and 
effluvia.     That  the  earth  is  thus  of  a   cavernous  flrudhire,  is 
evident  from  the  mines,  fprlngs,  and  currents  of  water,  that 
are  found  below  its  furface,  in  every  country,  and  in  almoil 
every  place.     And  it  is  probable,  that  many  of  thefe  fubter- 
raneous caverns   may  be  of  a   great  extent  ; — fome  running 
in   a   direct,  and   others  in  long,  crooked,  unequal   pafTages. 
—And  by  thus  winding,  meeting,    croffing  and  mixing  with 
each   other,    they  may   form   communications    betv/een    very 
diftant  parts  of  the  earth.     The  manner  in  which  the  foHd 
and  fluid  parts   of  the   earth  are  S.ijpofed,    is  al fo  worthy  of 
remark. — In  fome  places,  they  are  found  prcmifcuoufly  min- 
gled and  blended  together,  in  a  manner  which  has  no  apparent 

order 
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order  or  regularity.  In  other  places,  the  various  kiiido  oi  Jo  lids 
appear  to  be  dllpofed  with  the  utmoft  apparent  regularity,  in 
the  form  of  diiferent  and  diftindl  Jlrata  of  clay,  coals,  falts, 
fulphur,  minerals,  &c.  It  is  thus  alio  with  the  jiu'ids  ; — in 
many  places,  they  arc  regularly  colledted  into  quantities,  or  foun- 
tains, within  the  bowels  of  the  earth  j  in  others,  they  are  con- 
flantly  and  regularly  moving  in  perpetual  ftreams  and  currents:: 
fomc  oi  -\vlilch  are  charged  with  fulphureous  particles  ;  others 
with  thofe  of  iron  -,  and  others,  vvith  various  other  tinvSlures  and 
mixtures. 

And  from  this  StruBiire  of  the  earth,  the  motion  of  a  fub- 
terraneous  vapour  would  vQ.c&iv&  its  direBiojio  For  vapours,  ge 
nerated  and  increafing  in  the  bowels  of  the  earth,  if  they  found 
no  vent  upv/ards,  mufl  naturally  take  their  courfe  and  rufh  fierce- 
ly along  under  the  furface  of  the  earth,  according  as  they  found 
fub  terraneous  pajjages  or  fir  at  a,  of  proper  materials  to  condudl 
them. — And  it  feems  as  if  fomething  of  this  nature  mufl  be  the 
cafe  in  this  part  of  America,  That  there  fliould  be  a  particu- 
lar part  of  the  country,  as  to  width,  to  Vv'hich  the  earthquakes 
of  New-'England  have  repeatedly  reached  ;  that  they  fhould  all 
be  of  the  fame  kind, — come  from  the  fame  point, — and  pro- 
ceed in  the  fime  path  j — thefe  phenomena  cannot  be  fuppofed 
to  be  the  eiFe6t  of  what  is  called  chance  or  accident.  It  is  evi- 
dent there  mufl  have  been  fomething  which  ferved  as  conduBors, 
\i  fiib terraneous  pciffages,  of  fuch  extent  as  thefe  earthquakes, 
fhould  be  admitted,  it  would  be  difficult  to  account  for  the 
width  of  the  earthquakes,  on  that  hypothefis.  The  more  pro- 
bable fuppofitlon  feems  to  be,  that  there  arc  fome  particular 
firata^  which  have  ferved  as  fuel  or  eondudlors  to  the  vapour. 
And  that  this  was   the  cafe,  feems   further  probable  from  the 

O  o  2  fulphureous 
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fulphureous  mixtures  that  have  been  thrown  out  at  the  different 
eruptions.  Inftances  of  thefe  eruptions  are  mentioned  m  the 
accounts  of  the  earthquakes  of  1727  and  1755. — And  they  are 
fuch  as  make  it  probable,  that  there  is  fbme  particular  ftratum 
under  the  furface  of  the  country,  which  has  ferved  and  will 
ferve  to  dire(St  the  motion  of  the  fubterraneous  vapour,  from 
the  places  of  its  origin,  to  that  of  its  grand  final  eruption.* 

On  this  account  of  the  Caufes  of  the  Earthquakes  of  Neiv^ 
England^  it  may  not  be  amifs  to  remark,  that  part  of  it  feems 
to  be  matter  oi  faSi^  and  part  matter  of  conjeSiure.  As  the 
caufes  lie  out  of  fight,  and  beyond  the  reach  of  obfervation,  we 
have  no  way  to  come  to  the  knowledge  of  them,  but  by  gene- 
ral reafonings  from  the  phenomena  that  fall  under  our  obferva- 
tion. Thefe  phenomena,  I  may  venture  to  fay,  have  been  fair- 
ty  related  : — but  whether  the  inferences  that  have  been  drav/n 
from  them,  are  juft, — the  conjed:ures,  fuch  as  are  probable, — ■ 
the  conclufions,    well  fupported, — and  the  evidence,   fuch  as 

might 

*  ^\^z\ijlrala  are  not  at  all  uncommon.  Many  countries  are  known  to  abound 
■with,  and  to  be  diftinguifhed  by  them.  *'  We  have  an  inftance  of  it  in  the  chalky 
and  flinty  countries  of  England  and  France^  which  (excepting  the  interruption  of 
the  channel,  and  the  clays,  fands,  &c.  of  a  few  counties)  compofe  a  trad  of 
about  three  hundred  miles  each  way."  Phil.  Tranf.  for  1760,  p.  587.  The  vol- 
canoes  in  the  Andes^  are  in  all  probability  derived  from  the  fame  Jlratum  of  com- 
buftlble  minerals  ;  the  extent  of  which  cannot  belefs  than  five  tlioufand  miles, — for 
fo  far  do  the  mountains  and  volcanoes  extend. — And  thus  in  North-America,  if  we 
may  give  credit  to  L.  Evans,  in  defcending  from  the  mountains  which  adjoin  to 
the  weftern  lakes,  the  fame  fets  of  Jrata,  and  ii>  the  fame  order,  are  generally 
kept  up. 

In  fome  countries,  earthquakes  have  ceafed  upon  the  breaking  out  of  volcanoes. 
If  there  were  volcanoes  in  this  part  of  America,  which  might  ferve  to  interrupt  the 
Jlratum,  and  as  a  vent  for  the  fubterraneous  vapours  to  difcharge  themfelves,  it  is 
probable  the  earthquakes  of  Nciv  -  England  -viQuld  not  run  in  fuch  a  regular  manner, 
through  iwch.  aui  extent  of  the  country. 
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might  have  been  expedted, — thefe  are  fubmitted  to  the  judg 
ment  of  others.     Hypothefes   may  be  of  ufe  to  put  us  upon- 
further  enquiry,  and  a  more  critical  examination  -,  but  are  never 
to  be  received,  any  further  than  they  are  fupported  by  proper 
evidence. 


GENERAL  REFLECTIONS  on   E ARTHQJJAKES. 

THE  preceding  Accounts,  Observations  and  Con- 
jectures, have  been  connned  to  the  earthquakes  of  New- 
E?igland. — But  they  will  naturally  lead  us  to  fome  General 
Reflections  on  the  nature,  ufe  and  efFeds  of  thefe  formi- 
dable phenomena.     Thus, 

If  we  are  right  in  our  conjecftures  on  the  caufes  of  earth-- 
quakes,  we  may  conclude,  that  the  globe  always  has  been,  and 
will  be  fubjed:  to  fuch  concuffions.  From  the  earliell  ages,  of 
which  we  have  any  accounts,  this  has  been  the  cafe.  Many 
parts  of  the  earth  bear  the  marks  of  great  and  furious  eruptions  -, 
not  a  few  of  which,  were  prior  to  all  hiflorical  monuments 
and  records.  The  eruptions  of  the  noted  ^/«^,  maybe  traced 
back  an  hundred  years  before  the  fiege  of  Troy.^  Vefuvms 
was  a  volcano  before  the  foundations  of  Herculaneimi  and  Torn- 
peu  were  firft  laid.  Thefe  cities  were  covered  by  an  eruption 
of  Vefwoius,  A.  D.  79.  Their  foundations  and  pavements  are 
all  of  that  melted  and  vitrified  fubflance  called  lava,  which 
Vefavnis  had  throvv^n  out  ; — which  is  a  proof  of  great  erup- 
tions, prior  to  the  foundations  of  thefe  cities. -f  How  long 
thefe  volcanoes,  or  thofe  in  IcelaiuU  the  Eajl-lndmn  iflands, 

and 

*  According  to  M.  D'Or-oUk. 

t  Phil.  Tranf,  for  1771.     Art.  i. 


.  and  South' America,  have  been  burning,  we  have  no  hlllory  or 
tradition  ancient  enough  to  inform  u3.     Many  of  their  effevfts 

:  bear  the  marks  of  more  furious  eruptions  than  any  there  have 
been  in  modern  times.  The  foil  for  more  than  twenty  miles, 
round  Naples,  by  its  cinder,  ftones,  burnt  matter  and  lava,  ap- 
pears to  have  been  the  production  of  very  ancient  fubterraneous 
fires,  earthquakes  and  eruptions.*  The  Appcnims,  a  chain 
of  mountains  which  divide  the  continent  of  Italy  from  north 
to  fouth,  and  extend  even  to  Sicily ,  difcover  many  tokens  of  an 
internal  fire  ;  and  were  judged,  by  that  celebrated  philofopher, 
M.  de  la  Condcmine,  to  be  a  chain  of  ancient  volcanoes.  This 
is  alfo  the  cafe  with  that  long  chain  of  mountains  in  South- 
America,  known  by  the  name  of  the  Andes.  Thefe  moun- 
tains run  from  45°  fouth  latitude,  to  feveral  degrees  north  of 
the  line,  and  alfo  throughout  all  Mexico -,  being,  according  to 
Moiif.  Bougiiers  account,  five  thoufand  miles  in  extent.  The 
feries  of  volcanoes,  formed  by  thefe  mountains,  is  interrupted  : 
many  are  totally  extinguiflied  ;  and  there  are  many  which  are 
flill  burning  ;  and  many  of  the  ancient  ones  frequently  burll 

-out  again. J  Several  01  \k\&  Weft-Indian  illands,  \hQ  Azores, 
Tenerijf'e,  and  moft  high  mountains,  either  contain  volcanoes, 
or,  by  the  veftiges  of  calcination  and  vitrification,  fliow  th« 
former  efi'cd:s  of  them. — And  as  feveral  illands  and  mountains 
have  been  funk,  fo  we  have  authentic  accounts  of  feveral  that 
have  been  thrown  up  from  the  bottom  of  the  fea,  by  fubterra- 
neous fires.  Such  effects  with  the  relations  of  hiftory,  afford 
plentiful  evidence,  that  the  globe  has  always  been  fubjecft  to 
and  greatly  aifed;ed  by  fubterraneous  fires,  earthquakes  and 
^^ol  canoes.  The 

*  Phil.  Tranf.  for  1771.     Art.  i. 
%  ConJaminis  Travels  into  Italy, 
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The  fame  caufes  which  have  produced  fuch  efFeds  on  the 
furface,  are  undoubtedly  flill  exiftent  in  the  bov^' els  of  the  earth. 
Prbper  periods  of  time  may  be  requifitefor  them  to  grow  ripe, 
or  gather  flrength  fufficient  to  caufe  an  explofion  or  earthquake. 
But  as  the  materials  from  which  fubterraneous  vapours  are  form- 
ed, conilantly  exifl:  in  the  bov/els  of  the  earth,  they  will  be  as 
conftantly  fermenting  -,  and  thus  increafmg  the  quantity  and 
force  of  the  vapours,  till  they  fhall  become  fufficient  to  break 
through  all  oppofition,  and  force  for  themfelves  a  pailage  thro' 
the  earth.  And  although  they  may  in  fuch  ways  be  difcharged 
from  time  to  time  ;  yet,  fo  long  as  the  fame  powers  fhall  fab- 
iift  in  matter,  new  vapours  v/ill  be  produced  ;  and,  of  confe- 
quence,  the  fame  effects,  after  pro|>er  intervals  of  time,  Vvdll 
again  take  place.  Nor  are  they  to  be  viewed  as  marks  of  any 
diforder  or  irregularity  in  the  v.'orks  of  nature.  *  For, 

Notwithftanding  all  their  terrible  elTecls,  earthquakes  feem 
tD  be  a  neceffary  confequence  of  fach  lav/s  of  nature,  and  powers 
in  matter,  as  are,  upon  the  whole,  greatly  beneficial  to  the  globe. 
There  is  no  phenomena  in  the  whole  courfe  of  nature,  fo  for- 
midable as  that  of  an  earthquake. — Nor  is  there  any  that  has 
fpread  m-Oi^e  univerfal  horror,  calamity  and  defolatlon.  Hiflory, 
ancient  and  modern,  abounds  v/ith  accounts  of  large  countries 
that  have  been  fhaken,— whole  cities  that  have  been  fank  and 
covered, — and  immenfe  numbers  of  mankind  that  have  been 
deftroyed,  by  thefe  dreadful  convulsions  of  nature.  In  the 
earthquake  which  (hook  Sicilv,  in  the  year  1693,  fifty-four  ci- 
ties and  towns,  v/ith  an  incredible  number  of  villages,  v/ere 
either  deflroyed  or  greatly  damaged,  and  about  fixty  th'oufand 
perfons  perifhed.  In  that  at  Jamai'ca,  in  i69'2,  almoft  the 
<vh6le  of  ■Pijr/'-i^^^y^/ v/as  fwallowed  up,  and  large  numbers  of 

its 
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■its  inhabitants  buried  in  its  ruins. — And  in  the  earthquake  at 
Lima  in  Peru^  in  1746,  all  the  buildings  in  that  city,  and  in 
the  port  of  Callao,  except  about  thirty,  were  funk,  or  laid  in 
ruins,  and  great  numbers  of  people  deftroyed  : — four  hundred 
and  fifty-one  fhocks,  many  of  which  were  equal  to  the  firll, 
fucceedino-  in  the  fpace  of  four  months.  The  deftruction  of 
Lijhon,  by  the  earthquakes  in  1755,  was  alfo  attended  with  the 
mod  tragical  fcenes  of  defolation,  death  and  mifeiy.  And  yet, 
notwithflanding  all  thefe  dire  effeds  of  earthquakes,  it  is  very 
poflible,  that  the  laws  and  caufes  from  whence  they  arife,  may 
be  a  Receilary  provifion,  and  a  real  advantage  to  the  globe.  The 
power  of  gravity,  the  wind  and  v/ater,  rain,  heat  and  cold, 
have  occafioned  the  deftrudion  of  vaft  numbers  of  mankind  : 
.and  yet  they  are  a  general  advantage  to  the  earth,  and  to  its  in- 
habitants ; — -and  fuch  an  advantage,  that  no  creature  could  live 
on  this  globe  without  them.  And  fnice  they  produce  an  over^ 
balance  of  good,  they  are  to  be  efteemed  advantageous  and  be- 
neficial upon  the  whole  j  although  in  fome  particular  cafes, 
they  may  be  attended  with  very  dangerous  and  fatal  effedSo 
This,  it  is  probable,  is  the  cafe  with  all  the  laws,  powers  and 
operations  of  nature  3  and  to  all  thofe  agitations  and  concufiions 
to  v/hich  the  earth  is  fubjecfl. 

To  enumerate  all  the  ends  to  which  thefe  formidable  pheno- 
mena may  ferve  in  the  natural  world,  would  require  higher  de- 
grees of  knowledge  than  it  is  probable  we  fhall  ever  have  of 
this  fubjed:.  And  yet,  perhaps,  we  may  fee  enough  to  con- 
vince us  of  the  wifdom  and  benevolence  of  the  Creator,  in 
making  the  globe  fubjed:  to  fuch  concufl^ons.  Thefe  extenfive 
and  powerful  agitations  tend  to  weaken  the  attradion,  loofen  the 
j)arts,  and  open  the  pores  of  the  earth  5  and  thus  to  fit  and 

prepare 
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prepare  it  for  the  purpofes  of  vegetation,  and  for  the  various 
kinds  of  produce  that  are  necefiary  for  the  fupport  of  animal 
life.     Were  an  infuperable  bond  of  attradion  to  take  place  on 
the  furface,  or  in  the  bowels  of  the  earth,  without  fomething 
to  oppofe  its  power,— fluidity,  motion,  vegetation,  and  all  na- 
ture would  be  at  a  fland.     The  power  of  gravity  tends  to  this  : 
And  hence  we  find  it  neceflliry,  by  the  operations  of  agricul- 
ture, to  break  the  furface  of  the  e  rth,  to  loofen  its  parts,  and 
open  its  pores,  and  thus  weaken  its  attradion,  that  it  may  be 
fit  for  the  produdion  of  fuch  fruit  and  grain  as  we  want  in  the 
courfe  of  the  year.     An  earthquake  performs  that  in  the  bowels 
of  the  earth,  which  the  various  methods  of  agriculture  per- 
form on   its   furface. — And  it  is  probable,   that  the  former  is 
equally  necefiary  to  the  purpofes  of  vegetation,  as  the  latter.— 
And  what  feems  to  confirm  thefe  conjedures,  it  is  obfervable, 
that  thofe  places  which  are  moil  fubjed:  to  earthquakes,  are  the 
moll  noted,  cateris  paribus,  for  the  fruitfulnefs  of  its  foil,  and 
the  plenty  of  its  produce.     Thus  Italy,  Peru,  Manilla,   and 
efpecially  j¥.tna  and  Vefiivius,  places  greatly  fubjed  to  earth- 
quakes, are  celebrated  for  an  uncommon  fertility.     There  are 
other  important  ends  which  m.ay  be  anfwered  by  earthquakes. 
Thofe  fubterraneous  vapours,  by  which  they  are  caufed,  feem 
necefiary  to  prevent  the  inward  parts  of  the  earth  from  becom- 
ing too  denfe,  compad  and  hard,  in  confequence  of  their  at- 
tradion.-— And  when  thefe  vapours  are  coUeded  in  large  quan- 
tities, it  may  be  necefiary  to    have  them  difcharged  into  the 
atmofphere,  to  prevent  a  diflblution  of  the  globe  through  the 
force  of  their  elafticity  or  repulfion.     It  may  alfo  be  necefiary 
to  have  new  fubterraneous  paflages  opened, — old  ones  diverted 
from  their  former  courses, — and  new  communications  eftablifii- 
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ed  between  diiFerent  countries, — that  all  parts  of  the  earth  may 
be  fupplied  with  fuch  kinds  and  quantities  of  water  and  air,  as 
the  growth  of  bodies,  in  the  bowels  and  upon  the  furface  of  the 
earth,  may  require  -,  and  that  the  folid  and  fluid  parts  of  the 
earth  may  be  kept  in  their  due  place,  connection  and  order. — 
And,  in  general,  wc  may  prefume,  from  the  analogy  of  na- 
ture, that  there  may  be,  and  no  doubt  are,  many  ends  and  ufes 
to  which  fubterraneous  fires  and  earthquakes  may  ferve,  of 
which  we  have  as  yet  no  ideas  or  coniedlures.  But  however 
thefe  things  may  be. 

It  is  probable,  that  our  knowledge  of  this  fabjedl  v/ill  in- 
creafe,  as  all  other  branches  of  natural  knowledge  have  done, 
and  by  the  fame  means,  obfervation  and  reafoning.  In  the  con- 
tents and  ftrudlure  of  the  globe,  the  Creator  of  it  feems  to 
have  made  proviiion  for  the  production  of  fubterraneous  va- 
pours and  explofions.  Earthquakes  may  of  confequence  be  ex- 
pe(fted,  at  proper  intervals  of  time,  in  every  country  and  cli- 
mate, fo  long  as  the  earth  fhall  continue  to  exifl  in  its  prefent 

form.  As  thefe  events  happen,  pofberity  will  have  opportuni- 
ty to  examine  their  phenemena,  to  note  their  effe(Sts  and  opera- 
tions, and  to  mark  all  their  diiferences  and  agreements  :  and, 
of  confequence,  they  will  be  obtaining  more  and  more  iniight 
into  their  nature,  caufes  and  effedts.  The  methods  of  reafon- 
ing v/hich  are  now  happily  introduced  into  philofophical  fub- 
jedts,  though  their  efFed:s  may  be  flow,  are  yet  certain  and  pro- 
greflive.  Every  age  will  be  doing  fomething  for  the  next. 
-—And  the  feveral  philofophical  focieties  already  efl;ablifhed, 
by  collecting  and  recording  obfervation s,  are,  and  will  be, 
providing  materials  for  the  ages  that  are  to  come.-^And 
when  a  fuflicient  number  of  obfervations  fhall  be  thus  colTf^ 
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ed,  inferences  may  be  drawn,  and  conclufions  may  be  formed 
from  them,  of  which,  as  yet,  we  have  not  the  leafl  thought 
or  fufpicion.  It  has  been  thus  in  all  other  branches  of  philo- 
fophy  :  and  the  fame  accuracy  of  obfervation  and  reafoning, 
when  applied  to  the  philofophy  of  earthquakes,  will  probably 
bring  to  light  things,  of  which  we  have  now  no  knowledge  or 
conception. 

From  any  knowledge  we  yet  have  of  the  nature  and  caufes 
of  earthquakes,  nothing  would  appear  more  romantic,  than  to 
attempt  to  predidt  when  fuch  formidable  concuffions  will  hap- 
pen. We  know  fo  little  of  their  caufes,  much  lefs  when  thefe 
caufes  will  have  colleded  fuiiicient  force  to  burft  forth  and  fhake 
the  adjacent  country,  that  we  have  no  way  to  form  any  rational 
conclufions  as  to  the  time  when  an  earthquake  will  happen, 
from  any  inferences  founded  on  the  knowledge  of  the  nature 
and  operations  of  their  caufes.  Nor  can  we  receive  much,  if 
any,  help  from  any  preceding  Jigns  : — I  do  not  mean  thoie 
which  fear  and  fuperftition  have  formed  5  but  from  any  regulari- 
ty of  their  periods, — flate  of  the  atmofphcre,-— uncommon  mo- 
tion of  wells,  fprings,  and  the  like. — For  if  there  is  any  con- 
ne(£tion  between  things  of  fuch  a  nature,  and  the  happening 
of  an  earthquake,  it  is  what  we  do  not  underiland. 

But  our  ignorance  of  thefe  things  ought  not  to  be  made  an 
argument,  that  there  is  not  in  reality  any  regularity  or  order  in 
thefe  events  ;  or  that  it  will  always  be  impo(fible  to  difcover  fo 
much  of  the  nature  and  operations  of  natural  caufes,  as  to  dif- 
cern  the  fame  fuiiplicity,  order  and  harmony,  in  the  feveral 
phenomena  of  earthquakes,  as  are  apparent  in  many  other  works 
and  operations  of  nature.  In  all  thofe  works  of  nature,  of 
which  we  have  any  tolerable  conceptions,  Hated  laws,  and  a 
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fteady  regard  to  them,  have  been  obfcrved. — And  this  has  bce«fl 
manifefl  and  apparent  in  the  fame  degree  as  our  knowledge  of 
any  fubjedt  has  been  advanced.  There  was  a  time  when  uni- 
verfal  confufion  and  diforder  were  fuppofed  to  prevail  in  the 
courfes,  motions  and  appearances  of  the  heavenly  bodies.  But 
as  the  knowledge  of  the  true  aftronomy  increafed,  the  moll 
perfed:  order,  harmony  and  proportion  has  been  difcovered  in 
the  motion  and  appearance  of  every  ftar,  planet  and  comet. — 
And  it  is  now  well  known,  that  all  the  fuppofed  irregularity  in 
any  of  tliefe  bodies,  was  nothing  more  than  want  of  knowledge, 
and  confufion  of  ideas  in  the  obferver.  If  we  may  reafon  from 
analogy,  the  conclufion  will  be,  that  it  is  the  fame  in  all  other 
cafes.  It  can  hardly  be  doubted,  therefore,  but  that  there  is 
the  iame  harmony,  rule  and  order, — -the  fame  general  and  ftated 
laws,  in  the  caufes  and  operations  of  earthquakes,  as  there  are 
in  all  other  events  of  nature.  No  reafon  can  be  affigned  'why 
thefe  alone,  of  all  the  works  of  God,  fhould  be  made  up  cf 
irregularity  and  confufion.  It  muft,  therefoi-e,  be  fuppofed, 
that  earthquakes  (like  all  other  events  that  depend  on  natural 
caufes)  are  fubjed  to  certain  and  determinate  laws  and  rules, 
which  are  in  themfelves  conftant,  regular  and  harmonious, — 
whether  thefe  laws,  or  this  regularity,  is  known  to  us  or  not> 
The  ancient  Egyptians  and  Chaldeans,  by  a  long  courfe  of 
obfervations,  are  faid  to  have  been  able  to  foretell  the  appearance 
of  comets,  and  the  approach  of  earthquakes.*  The  greatcft 
philofophers  have  fuppofed  their  predidions  of  this  kind  were 
founded  not  on  any  knowledge  they  had  of  the  laws  and  powers 
of  nature,  but  on  the  vain  arts  of  judicial  aftrology.  This 
might  be  the  cafe.-«»It  is,  however,  to  be  wifhed,  that  we 
~  . ,  couM 
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could  be  a  little  more  certain  what  knowledge  the  Egyptmis 
pretended  to  in  this  matter.     It  is  well  known,  that  the  fci- 
ences  were  much  cultivated  among  that  difcreet  people.     Geo- 
metry and  aflronomy,  if  they  were  not  begun,  received  very 
great  improvements  from  them.     The  Gi'eeks  had  all  their  af- 
tronomical  learning  from  Egypt,     Pythagoras  got  the  know- 
ledge of  the  true  fyftem  of  the  univerfe  from  the  Egyptian 
priefts. — And  their  advances  in  fevcral  parts  of  the  mathema- 
tics, were  great  and  uncommon.     How  far  they  were  acquaint- 
ed with  the  aftronomy  of  comets,  I  am  not  able  to  fay.     Some 
of  the  Chaldeans,   and  Pythogorian  philofophersy  taught  many 
things  as  to  the  nature,  orbits  and  revolutions  of  comets  j  wriich, 
though  long  difregarded,  modern  aflronomy  has  adapted,   and 
abundantly  confirmed.*     And  that  there  was  nothing  impof- 
lible, — nothing  romantic,  in  attempting  to  prediffl  their  appear- 
ance, the  great  Halley  has  fully  demonilrated.     And  \yhether 
they  might  not  have  fome  knowledge  as  to  the  philofcphy  of 
earthquakes,  which,  thro' the  ignorance  and  barbaroufnefs  of  af- 
ter age?,  might  be  lofl:  to  the  v/orld,  feems  worthy  of  enquiry. 
But  however  this  may  have  been,  it  is  at  leaft  pofTible,  that 
regularity,  order  and  laws  may  be  difcovered  in  thefe,  as  well 
.as  in  other  works  of  nature.     It  is,  indeed,  but  very  little  that 
is  yet  known  of  the  nature,  caufes  and  operations  of  thefe  events. 
It  will,  probably,  require  the  obfervations  of  many  ages  to  di- 
gefl:  and  form  them  into  a  proper  fvflem. — And  a  long  ccurfe 
of  obfervations  may  open  new  fccnes  to  poflerity,  and  enable 
them  to  form   conclufions, — I   had  almoil  faid  prediSiions. — 
which  to  us  would  appear  wild,  abfard  and  ridiculous.     To 
me  there  appears  as  much  ground  for  fuch  a  conje^ure,  as  Se^ 

J*  Grtgorfi  Aflronomj'.     Book  v.  ftd.  i. 
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neca  had  feventeen  hundred  years  ago  for  his,  relative  to  comets ; 
but  which  has  hteraliy  been  fulfilled.*  But  leaving  thefe  things 
to  the  ages  that  are  to  come, — = 

From,  contemplating  thefe  mighty  works  of  nature,  a  phi- 
lofophic  mind  will  naturally  rife  in  admiration  and  reverence,  to 
the  Frst  Great  Cause  of  All  1  In  all  the  works  of 
nature,  we  find  plain  marks  of  that  wifdom,  power  and  good- 
nefs,  with  which  the  whole  plan^  frame  and  conflitution  of  it, 
was  firil  formed  and  adjufled.  As  all  natural  eite<rts  take  place 
in  confequence  of  caufes  and  laws  derived  at  firft  from  God, 
true  philofophy  agrees  with  the  holy  fcriptures,  in  afcribing  all 
fuch  events  to  his  agency.  It  was  no  doubt  with  a  view  ulti- 
mately  to  moral  purpofes,  that  the  laws  of  nature  were  firft 
eflabli/hed  :  and  nothing  can  be  better  adapted  than  many  of 
their  operations,  to  awaken  and  dired:  the  attention  of  man- 
kind to  the  fupreme  Governor  of  the  world.  By  the  operation 
of  natural  caufes,  the  Deity  often  *  arifeth  to  fhake  terribly  the 

*  earth.'     *  He  looketh  on  the  earth,  and  it  trembleth  :  he 

*  toucheth  the  hills,  and  they  fmoke.'  *  He  removeth  the 
^  mountains,  and  overturneth  them  in  his  anger.*     *  The  pil- 

*  lars  oi  heaven  tremble,  and  are  afloniihed  at  his  reproof.' 

Amidft  fuch  convulfions  of  nature,  ftrong  imprefiions  of  the 
power  and  majefly  of  God,  will  naturally  take  ppiTeffion  of 
the  human  mind.  Mankind  will  fee  and  feel  their  dependence 
upon  their  Creator, — with  the  wifdom,  benefit  and  advantage 

of 

•  *  A  time,*   faid  this  excellent  philofopher,    *  will  come,  when  thofe  things 
8  which  now  lie  hid,  will  at  laft  be  brought  to  light,  by  length  of  time  and  the 

*  diligence  of  pofterity  :  for  it  is  not  one  age  that  is  fufficient  to  make  fuch  great 
«  dlfcoveries.'  Senecoy  Nat.  Queft.  lib.  vii.  chap.  25.  May  we  not  venture  to  fay 
)!}ie  fame  of  earthquakes  ? 
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of  fuch  a  fteady  courfe  of  virtue,  as  leads  to  an  habitual  truft 
in  his  providence  and  protedion.  Such  unufual  and  great  events 
will  povi^erfully  awaken  their  attention  to  morals,  and  thus  pro- 
mote the  advantage,  although  it  may  ^^occafion  lofs  and  terror 
to  mankind. 

To  pretend  to  be  above  fear,  or  to  attempt  to  be  unmoved 
with  fuch  conculTions  of  nature,  would  argue,  on  the  one  hand^ 
a  folly  or  a  pride  unworthy  a  philofophic  mind  :  and  on  the 
other,  to  give  way  at  every  fuch  event,  to  fuch  confufion  of 
thoughts  and  paffions,  as  leaves  no  command  over  the  mind^  is 
a  weaknefs  as  much  as  poiTible  to  be  avoided.  Of  this  we  may 
at  all  times  be  certain, — the  prefent  frame  of  nature  will  fub- 

fift  fo  long  as  Infinite  Wifdom  and  Goodncfs  fee  it  to  be  fit. ^ 

And  no  event  will  ever  take  place  in  the  natural  world,  which 
was  not  forefeen  by  him  who  is  the  Author  of  Nature, 
and  defigned  to  anfwer  fome  wife  and  benevolent  purpofe.  Of 
his  favour  mortals  may  be  fure,  fo  long  as  tliey  maintain  a  fteady 
regard  to  the  rules  of  virtue.  This  will  always  be  produdive 
of  fafety  and  happinefs  j  though  the  immediate  efFedt  of  the 
prefent  convulfions  of  nature,  will  probably  be  as  the  poet  fays, 

^erra  tremit  :  fiigere  fern,  et  ?nortalia  corda 
Per  gentes  humilis  Jiravit  paver. 
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IX.  A7i  Account  of  Weft-P^iyer  Mountain,  a7id  the  Appear^ 
ance  of  there  havifig  been  a  Volcano  in  it.  In  a  Letter  from 
Daniel  Jones,  Ejqi  ^^  Flindfdale,  to  the  i^fi;.  Joseph 
WiLLARD.  Prefdent  of  the  JJnlvcrfty  at  Cambridge,  V. 
Pref  A.  A, 

Hindfdale,  November  2,   1783- 
S  I  R, 

RECEIVED  your's  of  the  1 8th  of  Auguft  laft,  and  ob- 
ferved  the  contents  :  and  as  I  am  not  only  wililng,  but  delirous 
of  doing  all  in  my  power  to  aid  the  literati  in  their  purfuit  of 
knowledge,  immediately  upon  the  receipt  of  your  letter,  (altho' 
I  have  often  been  upon  PFejl-RiTcr  Mountain  J  repaired  there 
again,  with  the  befl  guides,  and  thoroughly  explored  the  fame. 
The  Mountain  is  fituate  about  twelve  miles  north  of  Mafja- 
chufetts  line,  on  the  eafl  fide  of,  and  adjoining  ConneBicui-Ri- 
'ver,  in  the  county  of  Chefiire^  and  ftate  of  New-Hampfiire, 
and  oppofite  the  mouth  of  JVeJi-River^  from  which  its  name 
arifes. 

The  Mountain,  in  all  its  parts,  contains  about  three  thou- 
fand  acres  of  land,  and  is  very  uneven.  The  fouth  and  weil 
afcents,  very  fleep  :  the  north  and  eaft  not  fo  fteep,  but  very 
ragged. 

On  the  fouth  fide  of  the  Mountain,  about  eighty  rods  from 
the  fummit,  there  has  been  an  eruption, — perhaps  not  within 
the  prefent,  or  laft  century.  The  peafants,  in  the  neighbour- 
hood of  the  Mountain,  difcovered  this  place,  and  became  pof- 
felled  with  the  idea  of  gold  duft  being  in  the  Mountain,  and 
that  it  melted  down  into  a  folid  body,  by  the  extreme  heat  of 

th^ 
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the  Mountain,  at  the  time  the  eruption  happened  :  in  confe- 
quence  of  which,  they  went  to  work  in  fearch  of  the  fuppofed 
treafure  ;  and  after  fruitlefs  fearches,  formed  larger  connections, 
entered  into  covenant  with  the  proprietors  of  the  land,  and  with 
one  another,  to  make  fearch  for  all  kinds  of  mine  and  mineral. 
They  have  dug  down  about  feventy  or  eighty  feet ;  and  in  fome 
places,  where  the  rocks  permit,  twenty  feet  wide ;  but  they  are 
now  impeded  by  the  rocks,  and  the  water  that  comes  from  the 
Mountain  above  the  hole.     The  external  parts  of  the  hole  is 
entirely  rock,  and  in  many  places  much  burnt  and  foftened. 
There  are  fmall  holes  in  various  places  of  the  rock  where  they 
dig,   like  the  arch  of  an  oven,  and  the  rock  feems  to  be  dif- 
folved  by  heat  ;  the  cinders  and  melted  drofs  adhere  to  it,  and 
hang  down  in  drops  like  fmall  icicles,     fomething  refembl- 
ing    in  colour,  the   cinders  of  a  furnace,  or  black  glafs,  and  it 
is  fo  faftened  to  the  rock,  that  it  appears  as  if  it  was  originally 
part  of  the  fame. 

They  dig  out  of  the  hole,  near  the  furface,  various  flrata  of 
earth,  or  mineral  ;  and  in  digging  a  drain  to  let  out  the  water, 
they  find  a  great  plenty  of  the  fame  kind  of  earth  ;  and  as  it  lies 
in  the  ground,  the  different  completions  are  very  curious  to 
obferve  :  there  is  a  very  fine  foft  yellov/-oker,  which,  burnt, 
makes  a  good  Spanifh  brown  -,  there  is  another  ftrata,  r-efem- 
bling  levigated  antimony,  the  particles  very  foft  ;  another  of  a 
faint  yellow,  fine,  foft,  and  very  greafy,  which  quality  is  not  lofl 
by  lying  on  the  furface  of  the  earth,  for  a  long  time,  expofed  to 
the  fun  and  air  ;  there  is  another  that  refembles  a  peach  bloffom 
in  colour,  but  the  texture  more  like  the  oker  :  and  thefe  va- 
rious mineral,  or  earth,  are  not  intermixed.  At  the  mouth  of 
the  hole,  there  was  blown  out  melted  drofs,  which  iluck  to 
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the  rocks  ;  and  in  the  hole  was  found  various  pieces  of  llone, 
which  appeared  to  be  dilTolved  by  iire,  and  the  lides  of  the 
rock  blackened  by  fire  ;  fo  that  this  hole  muil  have  been  filled 
UD  fince  the  eruption  took  place- 

The  miners  inform  me,  that  in  the  morning  they  frequently 
©bfcrve  upon  the  earth  that  has  been  thrown  out,  fornething 
very  white,  and  by  touching  it  with  their  tongue  fupDofe  it  to 
be  falt-petre. 

In  my  late  fearch,  I  went  to  the  top  of  the  Mountain,  di- 
really  above  the  place  where  the  before- mentioned  eruption 
happened,  to  fee  if  there  was  a  crater.  The  peak  is  fmall,  and 
there  are  about  twenty  rods  of  ground  on  the  fummit,  which  is 
i-ather  hollow,  where  water  ftands  in  a  wet  feafon  (as  is  com~ 
mon  in  mountainous  countries)  but  no  regular  crater.  The 
hollow  is  oblon.g,  and  would  have  been,  propably,  had  there 
been  a  great  volcano  (unlefs  the  heat  had  been  fb  intenfe  as  ta 
have  diffolved  a  prodigious  ridge  of  folid  rock,  about  fifty  feet 
to  the  wefl  of  this  hole)  fo  to  the  top  of  the  Mountain,  which 
forms  one  fide  of  a  large  dingle,  from  the  top  to  the  bottom  of 
the  Mountain,  four  or  five  hundred  feet  perpendicular  ;  where 
immenfe  quantities  of  rock  have  fallen  down,  occafioned,  proba- 
bly, by  explofions  in  the  Mountains,  or  earthquakes.  That 
there  have  been  various  explofions  in  the  Mountain,  is  beyond  a 
doubt,  and  in  various  places,  which  have  occafioned  great  quan- 
tities of  ftone  and  rock  to  fall  from  the  Mountain  -,  but  I  am 
inclined  to  think  thefe  explofions  are  not  frequent,  as  formerly, 
even  fifty  years  ago  ;  for  I  am  told  by  ancient  people  of  vera- 
city, who  formerly  dwelt  at  Fort-'Diunmer  (oppofite  the  Moun- 
tain) that  there  v/ere  frequently  explofions,  and  fire  and  fmokc 
T/cre  emitted. 

The 
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The  laft  explofion  that  I  recoiled:,  happened  about  five  or  fix 
years  ago,  the  noife  refembling  that  of  an  earthquake,  and  the 
earth  trembled  confiderably  where  I  was,  about  four  or  five 
miles  from  the  Mountain  j  my  herd  of  cattle  were  greatly  ter- 
rified thereby,  and  run  together  through  fear. 

That  there  has  been  fomething  more  than  a  fuddcn  explofion, 
•Qvery  one  that  views  it  muft  be  convinced  :  but  that  thera  has 
httn  any  confiderable  volcano,  fo  as  to  caufe  the  earth  above  ta 
fall  in  or  fettle,  no  one,  I  prefume,  will  pretend. 

I  am,  Sir,  with  great  refped, 

your  very  humble  fervant, 

DANIEL    JONES. 

'Tlje  Rev,  Joseph  Willard. 


>:  -J^  W:  •§•  >^. 
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3,i6       Mr,  Alexander's  Account  of  Eruptions,  ^c- 

X.  An  Account  of  Eruptions,  mid  the  prefent  Appearances^ 
in  Weft-River  Mountain.  In  a  Letter  from  Mr.  Ca-l-eb, 
Alexander,  o/" Northfield,  to  Mr.  Caleb  Gannett, 
Rec.  Sec.  A.  A. 

Northfield,  May  i8,  I779» 
S  I  R, 

ACCORDING  to  your  deiire,  I  have  vilited  the  vol- 
cano upon  the  height  of  JVef-River  Mountain,  and 
fhall  do  myfelf  the  pleafure  to  inform  you  concerning  the  va- 
rious reports  and  particulars,  relating  to  this  place. 

How  long  fince  it  was  fiiil  difcovered,  I  am  not  able  to  af- 
cei-tain.  An  old  gentleman  informs  me,  that  fifty  years  fmce, 
he  heard  noifes  on  that  Mountain,  as  loud  as  tlie  explofion  of  a 
great  gun.  Some  years  after,  fimilar  noifes  were  heard,  at  the 
diftance  of  fourteen  or  fifteen  miles.  Several  times  very  violent 
eruptions  of  fire  have  been  feen,  the  flame  afcending  very  high 
into  the  air.  Once  in  the  winter  there  was  an  eruption.  The 
years  when  the  preceding  eruptions  happened,  I  cannot  inform  : 
the  iaft  was  twenty-feven  years  fmce,  which  was  the  moft  vio- 
lent eruption  ever  known  in  that  place  :  it  was  towards  the 
clofe  of  a  dark  evening,  when  it  was  firft  perceived,  being  pre- 
ceded by  a  louder  noife  than  common  ;  then  dired:ly  \vas 
f^eri  the  fire,  which  was  feen  to  burn  for  feveral  hdurs^ 

What  1  have  written  is  by  information  :  yefterday  I  was 
at  the  place  myfelf.  It  is  nearly  upon  the  top  of  a  very  fteep 
craggy  mountain  :  by  obfervation,  I  apprehend  there  were  two 
places  where  the  fire  iiTued  out  ;  one  of  which  is  between  two 
folid  rocks,  nearly  a  foot  la  diameter,  but  almoft  filled  with  the 
calcined  matter  caufed  by  the  fiiC,  part  of  which  appears  fimi- 
lar 
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lar  to  burnt  fand,  intermixed  with  cinders.  The  furface  of 
the  rocks,  for  a  confiderable  diftance,  indicates  that  there  have 
been  very  intenfe  nres,  and  probably  melted  matter  upon  them, 
for  they  are  turned  into  perfed:  cinders. 

The  other  place  vv^here  the  eruption  has  been  is  fo  deftroyed, 
that  I  can  inform  but  little  w^ith  regard  to  it  :  only  upon  one 
lide  the  rock  is  greatly  calcined. 

A  number  of  gentlemen,  apprehenfive  that  there  is  fome- 
valuable  mine  in  this  Mountain,  have  undertaken  to  penetrate, 
the  bowels  thereof  Accordingly,  they  have  dug  nearly  eighty 
feet,  in  a  perpendicular  diredion,  into  the  Mountain,  followino-- 
a  "vein  of  matter,  appearing  fimilar  to  oker,  both  yellow,  red, 
and  brown  3  alfo,  very  often,  they  find  pieces  of  cinders,  like 
thofe  which  I  have  fent  you.  This  vein,  in  fome  places,  is. 
lixteen  feet  in  diameter,  in  other  places  not  more  than.  live. . . 

In  digging,  they  often  find  ftrata  of  this  calcined  matter, 
with  a  confiderable  mixture  of  other  fubflance,  appearing  as  if 
it  had  been  intenfely  burned.  I  defcended  to  the  bottom  of 
this  (truly  hideous)  pit,  and  obferved,  that  the  rocks,  in  many 
places,  were  turned  into  cinders, 

I  am  not  able  to  determine,  whether  there  be  any  thing  of  a 
fulphureous  nature  on  this  Mountain  ;  but  this  I  dare  affirm, 
that  there  have,  been  feveral  eruptions:  but  whether  it  may, 
with  propriety,  be  called  a  volcano,  I  knov/  not.  This  deter- 
mination is  fabmitted  to  the  judgment  of  gentlemen  more  ac- 
quainted with  the  nature  of  volcanos,  than  I  can  pretend  to  be. 

I  fend  you,  for  obfervation,  two  pieces,  that  were  taken  one 
froin  the  top  and  the  other  feventy  feet  under 'ground. 
I  am,  &c. 

C  A  LE  B    A  L  E  X  A  N  'D'£.  Vi- 
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XI.  Obfervati&iti  made  at  Beverly,  Lat.  42 °  36 '  N.  Long.yo" 
45'  JV.  to  determine  the  Variation  (f  the  magnetical  Needle, 
By  the  Rev .  Joseph  Willard,  Frcjident  of  the  Univerjif^y 
at  Cambridge,  V.  Pref.  A.  A. 

N  attention  to  the  variation  of  the  magnetical  needle,  it 
is  well  known,  is  of  great  importance  at  fea,  nor  is  it 
of  fmall  confequence  upon  the  land  ;  efpecially  Jn  Norths 
America,  From  the  firft  fettlemcnt  of  this  country,  the  lines 
between  towns,  and  betv/een  lots  of  land  appropriated  to  indi- 
viduals, have  been  determined  by  the  magnetical  needle.  If 
the  variation  always  continued  the  fame,  no  difficulty  would 
enfue,  in  again  tracing  the  lines,  upon  the  fame  magnetical 
courfe  J  but  as  it  alters  from  time  to  time,  the  lines  run  in  any 
fucceeding  years  muft  deviate  from  the  firft,  and  from  one  an- 
other, unlefs  proper  allowances  are  made  for  the  alteration. 

From  the  want  of  a  fufficicnt  number  of  obfervations,  and  of 
attention  to  this  fubjed;,  in  thofe  who  have  furveyed  the  lands 
in  this  country,  difficulties  have  arifen  at  one  time  and  another, 
between  towns  and  individuals.  To  remedy  this  inconvenience 
for  the  future,  this  Academy,  fome  time  ago,  recommended 
magnetical  obfervations,  to  determine  the  variation,  which  it  is 
to  be  hoped  will  be  made  in  various  parts  of  the  country,  and 
at  proper  intervals  of  time,  and  be  uniformly  attended  to  by 
/our  furveyors.  Since  this  recommendation,  I  have  endeavour- 
^ed  to  determine  the  variation  at  Beverly,  with  as  much  exadl-^ 
jgiefs  as  I  was  able.  With  this  view,  I  procured  an  azimuth 
<:£)m^pafs,  of  Dr,  Gow-in  Knight' %  invention.     It  appears  to  be 

good 
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good  of  its  kind,  and  isfurnifhed  with  a  vernier,  pointing  out  the 
az^imuth  to  5'  5  but  the  eye  may  pretty  eafily  determine  by  it 
to  2',  and  ibmctimes  to  i'.  To  obferve  by  this  compafs,  I  af- 
certained  the  going  of  my  clock  to  great  exadlnefs,  and  on  five 
different  days,  took  feveral  magnetical  azimuths,  both  before 
and  after  the  fun  pafled  the  meridian,  and  noted  the  moments, 
which  I  have  put  down  in  apparent  time.  For  thefe  times,  I 
have  calculated  the  true  azimuths  by  fpheric  trigonometry,  and 
have  carried  out  the  variation  for  each  obfervation  feparatel}^ 
On  two  days,  I  alfo  determined  the  variation,  by  taking  mag- 
netic azimuths,  at  correfponding  altitudes  of  the  fun,  making 
proper  allowances  for  the  change  of  declination,  between  the 
obfervations  of  the  forenoon  and  afternoon.  On  each  of  the 
days,  fome  of  the  obfervations  differ  feveral  minutes  from  others  ^ 
but  this  I  cannot  attribute  to  want  of  attention,  as  I  am  con- 
fc«ious  that  I  made  them  with  all  the  care  in  my  power.  The 
differences,  I  fufpedl,  principally  arofe  from  the  difficulty  of  de- 
termining, with  entire  exadtnefs,  v/hen  the  fliadow  from  the 
hair  was  en  the  line  beneath  ;  and  when  in  two  obfervations, 
the  error  fhould  be  on  different  lides,  the  fum  might  make  a 
number  of  minutes.  Bat  I  have  the  fatisfadion  of  finding  the 
mean  refuits  for  the  ieveral  days  well  agreeing  vv^ith  each  other, 
which  is  a  good  evidence  that  the  refult  of  the  whole  muft  b€, 
at  leafi,  ver)'  near  the  truth, 

Thefe  obfervations  and  deduftions  are  now  humbly  fubmit- 
ted  to  the  Academy,  wbh  v/Khes  that  they  may  fubferve  the 
defigned  parpofe, 

J  u  L  Y 
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Ap.  times  of  obf. 

Sun's  mag.  az.  per  obf. 

Sun's  true  az.  per  cal. 

Varia.of  the  need. 

ilh   34' 

S     8^     2'  E 

S   150     9'  E 

7° 

7  W. 

II      iG 

7       0 

14        2 

7 

2 

II      50 

S     I     10  W 

5     57 

7 

7 

11      58 

5     55 

I     »5 

7 

10 

12        4 

9     28 

S     2      26  W 

7 

2 

12       20 

18     45 

II     45 

7 

0 

12       26 

22        15 

15     10 

7 

5 

12       28 

^3     30 

16     17 

7 

13 

Variation  of  the 

net 

;dle  by  a  mean  of  8  obfervatlons,  July  27, 

7 

5^ 
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60 

54' W» 

12        4 
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6 

S'i 

12       6 

10     35 

3     30 

7 

5 

12       8 

II     45 

4     40 

7 

5 

12     22 

19     45 

12     46 

6 

59 
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22       5 

15       2 

7 

3 

12     30 
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17     16 

6 

59 

Variation  by 

the 

mean  of  7  obfervations; 
July 

,  of  July  28. 
3°- 

7 
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11     52 
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7 
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12       6 
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7 

0 

12     18 

17     28 

10     19 

7 
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the 

21    ss 

mean  of  5  obfervationsj 

14    47 
,  of  July  30, 

7 

8 

Variation  by 

7 

5^ 
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31- 
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6 

57   W. 
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4     %S 
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7 
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9     23 

7 
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6 

56 
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4     32 

^     34 

7 

6 
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6 

56 

12     I  32 

7    50 

0    53  W 

6 

57 

Variation  by 

the 

mean  of  7  obfervations,  of  July  31, 
August     i. 

6 

"59f 

31  53  52 

S     3     32  W 

S     3     28   E 

7 

0  W. 

II  59  52 

7       2 

°      4^  „. 

7 

6 

32       1    52 

8       0 

I      4  w 

6 

56 

J2       3    53 

9     10 

2     12 

6 

«r8 
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15     58 

8     59 

6 

59 

Variation  by 

the 

mean  of  5  obfervations 

,  of  Auguft  I, 

6~59^  . 

Variatioa 
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"Variations  determined  by  magnetic  azimuths,  taken  at  equal 
altitudes  of  the  fun,  forenoon  and  afternoon. 


August    6. 

A.  M. 

P.  M,                    Difference- 

■|Diff.=Variatio». 

68°  28/ 

82°  30'                   14O      2' 

7*^      1'  W. 

6s     30 

79     20                13     50 

1     ^^ 

63     50 

77     35                 13     45 

6    52I 

63     30 

77     15                 13     45 

6    sH 

63       0 

77       0                14      0 

7       0 

62     30 

76     32                 14      2 

7       I 

Mean  variation  by  the  above  fix  obfervations  of  Auguft  6,     657 
Equation  for  change  of  declination,  •+    4 

Variation,  7       i 


67  30  81  30  14  o  7 

67  10  81   5  13  55  6 

66  42  80  40  13  5S  6 

66  15  80  18  »4  3  7 

66  2  79  55  13  53  6 

64  45  78  40  13  S5  6 

64  12  78   8  13  5<5  6 

63  58  77  48  13  50  6 

63  37  77  35  13  58  6 

63  o  77   6  14  6  7 

6i  46  75  45  13  59  6 

61  20  75  26  14  6  7 

60  58  74  50  13  52  6 

58  50  72  45  13  S5  6 

58  30  72  25  13  55  6 

58  15  72  10  13  S5  ^ 

SI  40  71  30  ^3  50  6 

57  10  70  58  13  48  6 

56  43  70  42  13  59  6 

Mean  variation  by  the  above  nineteen  obfervations,  6     58I 
Equation  for  change  of  declination,  +  5 

Variation  by  nineteen  obfervations  of  A  ugufl  15, 


Ditto 
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Ditto 
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Ditto 
Ditto 


fix 
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feven 
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feven 

eight 
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58 
5S 
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3 
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3 
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55 

54 
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7 

3l 
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7 

I 

I. 

6 
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July  3i» 

6 

59^ 

30* 

7 

5\ 

28, 

7 

0 

27» 

7 

5l 

Varian.  by  the  mean  of  feven  days,containingfifty-feven  obf.  7      2 
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XIII.  -^^i  Hijiorical  Regijier  of  the  Aurora  Borea/is,  from 
Augufi  the^tb,  1781,  to  Augtifi  19,  1783.  By  Caleb 
Gannett,  A.  M.  Rec.  Sec.  A,  A, 

Aug.  8,  AN  Aurora  Borealis  appeared  in  a  common  form, 
1 78 1.  JlA.  from  eight  o'clock  till  after  ten.  A  luminous 
arc  extended  horizontally  from  north- weft  to  north-eaft.  The 
height  of  the  arc,  about  25°.  A  thick  dulky  vapour  lay  be- 
low. A  few  fmall  ftrice  afcended  from  the  body  of  light.  At 
10^- 15',  a  column  of  light  afcended  from  about  north-north- 
weft, — pafted  north  of  Ardiurus^  and  crofting  the  meridian  in 
the  zenith,  extended  to  the  eaft,  to  about  30°  of  the  horizon. 
Thus  it  remained  for  feveral  minutes,  and  then  moved  flovv^ly 
fouthward,  till  10^-45',  when  it  vaniftied. 

Meteors  appeared  in  great  numbers,  ihooting,  in  general^ 
from  north-weft  to  fouth-eaft, 

22.  An  Aurora  Borealis, — of  little  extent,  and  faint. 

23,  ditto,  ditto. 
Sept.  18.    ditto,  ditto. 

19.  Appeared  an  auroral  fegment,  extending  from  north-» 
north-weft,  nearly  eaft,  fupported  by  a  dark  vapour.  A  fecond 
luminous  fegment  foon  appeared  above  the  firft,-— a  thick  duflvy 
vapour  intervening  between  the  two.  Some  ftrice  proceeded 
jfrom  the  uppermoft  fegment,  v/hich  appeared  to  curve  diredly 
towards  the  zenith.  About  ten  o'clock,  a  column  of  light 
ftiot  up  from  the  eaft,  and  crofting  the  meridian  north  of  the 
zenith,  pafted  fome  degrees  weft  of  the  m.eridian.  At  eleven 
o'clock,  appeared  a  number  of  corrufcations  ^  after  which,  the 
v/hole  declined,  till  an  entire  difappearance, 

i^ept« 
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Sept.   25.     At  7''-3o',  an  auroral  arc  appeared.     Its  meridi- 
onal height  about  53^.     At7''-45',  ftriae  proceeded  from  the 

arc   towards  the  zenith — their  colour,  in  general,  white.^ . 

Thofe  ftria?,  from  being  regular,  foon  appeared  like  broken 
iheets  of  light.  At  8^- 10',  the  various  interrupted  ftrix,  rif- 
ing  from  wefl-fouth-weft  to  eaft-fouth-eafl:,  concentered  at 
about  10°  fouth  of  the  zenith.  Glades,  diverging  from  that 
point,  extended  to  15°  in  length,  in  every  dired:ion.  After  re- 
maining in  this  ilate  about  itv^w  minutes,  tlie  northward  radii 
recoiled  towards  the  centre.  The  whole  phenomenon,  from 
that  time,  decreafed  rapidly.  At  8''- 20',  nothing  more  than  a 
common  Aurora  was  vilible.  The  flriae  from  weft-north-weft 
were  very  red,  and  attended  with  corrufcations.  At  8^-  26', 
the  height  of  the  luminous  arc  not  more  than  40°.  Two  or 
three  fmall  ftria? ;  alfo,  very  thin  white  corrufcations  obferva- 
ble,  whofe  horizontal  extent  was  from  wefl  to  north,  and  ver- 
tical to  10°  fouth  of  the  zenith.  At  8^-  30',  corrufcations 
ceafed,  and  the  light  in  the  north  fcarcely  fo  much  as  to  attract 
notice.  At  8^-37',  the  light  increafed. — Striae  began  to  afcend 
from  the  eaft,  very  red. — The  general  arc  appeared  to  generate 
new  arcs,  which  travelled  fouthward,  till  the  uttermoft  reached 
the  zenith  at  8''-43'.  Between  the  arcs,  which  were  not  quite 
regular,  proper  fky  appeared, — in  fbme  parts,  5  °  in  width,  in 
others  3°.  At  8''-46',  regular  ftrise  afcended  from  north-weft 
rto  eaft,  to  5 ""  fouth  of  the  zenith,  and  terminated  in  a  i^^-^ 
ment  of  a  circle,  whole  diameter  was  about  9°.  A  quantity 
of  the  vapour,  in  appearance  like  a  fmall,  thin,  white,  irre- 
gular cloud,  collected  at  about  6  °  fouth  of  the  fore- mentioned 
;fegment.  At  8''- 54',  the  ftrias  continued  ; — the  fegment,  in 
which  they  terminate,  enlarged. — From  nine  o'clock,  a  gradual 
dccreafe,  till  the  whole  difappeared.  Od:. 


of  the  Aurora  Borealis,  ^  2  9 

Od.   15.     At  8^'  16',  a  luminous  arc  commenced  in  a  point 

within  two  or  three  degrees   of  the  horizon,  nearly  eaft. 

Thence  diverging,  it  pafled  about  8°  fouth  of  P/f/W^j-,  and 
proceeding  between  the  flars  in  Andromeda  s  Shoulder  and  thofe 
in  his  left  arm,  croiTed  the  meridian  at  about  1 3  ^^  fouth  of  the 
zenith,  and  extended  to  about  20*  weft  of  the  meridian.  At 
5 ""  altitude,  the  light  was  vivid  and  ftrong.  From  that  height 
the  light  became  more  faint,  till  it  became  imperceptible 
at  the  afore-mentioned  diftance  weft  of  the  meridian.  The 
whole  advanced  fouth  flowly,  and  difappeared  at  8^-33',  Au« 
roral  light  was  vifible  alfo  from  north-weft  to  north. 

19.     A  fmall  Aurora, 

Nov.  13.     Ditto. 

14.  Ditto.  ^ 

15.  Ditto. 

19.  An  Aurora  extended  from  north- weft  to  north-eaft.— 
White,  except  a  red  fpot  in  the  north-eaft  :— and  in  the  north- 
weft,  red  and  yellow.     Stii^e, — numerous,  but  not  long. 

March  9,   1782.     A  fmall  Aurora. 

April  2.  Ditto. 

4-  Ditto. 

1 4-  Ditto. 

May  9.  Ditto. 

22.     From  an  extenfive  Auroral  arc,  ftri^  proceeded,  till 
they  almoft  reached  the  zenith.     Their  motion,  at  firft,  regu- 
lar, afterwards,  flafliing  and  quivering. 
,  July  9.     A  fmall  Aurora. 

10.  Ditto. 

Aug.  26.     An  Aurora.     Striae,— white  but  not  long. 

S  f  Sept. 
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Sept.  13.  All  Aurora  continued  through  the  night.  Its 
horizontal  extent,  from  weil-fouth-weft  to  north-eaft.  Its 
complexion,  white  and  vivid.  Some  fl:ri?e,  though  not  nume- 
rous. In  the  weft,  the  dulky  vapour,  near  the  horizon,  ap- 
peared in  two  fegments  of  a  circle  ;  one  extending  fouthward, 
the  other  northward. 

14.  An  Aurora  afforded  a  few  flrisB.  One  ilrias,  generated 
from  the  fouthern  limit  of  the  horizontal  light,  afcended  almofl 
to  the  zenith.  It  diverged  veiy  much  in  its  afcent.  After 
continuing  at  its  greateil  height  for  a  minute  or  two,  it  fubfided 
to  about  50°  altitude.  At  lo^-  30',  the  lower  part,  at  about 
15°  altitude,  became  detached  from  the  light  below,  and  in 
the  form  of  a  narrow  glade,  remained  fufpended  for  feveral  mi- 
nutes, and  then  vanifhed. 

22.  At  tQW  o'clock,  a  yellov/  flria  of  Auroral  light  appeared 
fingle  in  the  wefl-fouth-wefl,  without  any  dufky  vapour  be- 
neath it  J  but  rifmg  from  about  20°  above  the  horizon,  out  of 
a  fmoky  haze,  and  afcending  to  ^^°  altitude.  It  continued 
bright  a  few  minutes,  and  then  became  faint.  Three  iinall 
ftriae,  at  a  fmall  diflance  wefl  of  the  former.  After  a  continu- 
ance of  about  a  quarter  of  an  hour,  the  whole  difappeared. 

29.  A  fmall  Aurora. 

30.  An  Aurora — Inconfiderable  tlirough  the  evening.  At 
twelve  o'clock,  flris  were  numerous,  frequent,  and  .their  mo- 
tion brifk  and  undulatory. 

Od.  2.     A  fmall  Aurora. 


9- 

Ditto. 

10. 

Ditto. 

26. 

Ditto. 

Jan. 26,  1783. 

Ditto, 

Feb; 
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Feb.  2.     A  fmall  Aurora. 
21.  Ditto, 

27.  Ditto.     A  few  white  ftriae^ 

March  2.     Ditto. 

9,  Ditto. 

27.  Ditto. 

29.  An  Aurora  was  vifible  at  the  horizon,  extending  from 
north-weft  to  nearly  north-eafi:.  The  whole  arc,  included 
within  thofe  limits  to  about  12°  altitude,  quite  luminous. 
At  7^- 20',  the  ufual  duiky  appearance  commenced  at  the  hori- 
zon, and  increafed  till  it  became  about  15*'  altitude.  Light  pro- 
ceeded from  the  upper  part,  not  as  from  the  periphery  of  a  regu- 
lar arc,  but  from  different  heights.  Striae,  frequent  and  difcon- 
nedted,  often  appearing  like  rare  white  luminous  clouds,  varying 
their  pofition  and  continually  riling,  till  j^-  50 '  they  reached  the 
zenith.  Strise  more  prevalent,  paffing  the  zenith.  At  8^- ,  appeared 
a  detached  bright  Auroral  cloud  in  the  fouth-eaft,  within  about 
30°  of  the  horizon. — Another  long  limilar  cloud  in  the  fouth- 
weft,  paffing  fwiftly  downward  to  the  fame  diftancefrom  the  ho- 
rizon ; — thence,  with  a  quick  motion,  weft  ward  ; — then  vibrat- 
ed from  eaft  to  weft  in  an  arc  of  feverai  degrees.  Each  Auroral 
cloudfrequentlydifappearedinaninftant,  then  revived  with  equal, 
or  fuperior,  luftre. — Thus  they  continued  a  few  minutes,  and 
then  entirely  vaniflied.  The  ftrias,  which  were  hitherto  frequent 
and  briflc,  tho'  irregular,  appeared  to  colled:  at  about  5  °  fouth  of 
the  zenith,  and  there  formed  a  large  body  of  light. — Soon  fuc- 
ceeded  new  fliootings  of  ftriae, — ftrong  and  regular  ^  and  below 
them,  a  frequent  flafhing  of  light.  Between  the  ftrise  and  lu- 
minous glades  was  the  fame  dufky  appearance,  as  in  the  cloud 
near  the  horizon.     At   8^^-  ly,  a  corona  formed  at  about  3' 

S  f  2  fouth 
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fouth  of  the  zenith,  furrounding  a  fmall  unilluminated  circle. 
Dilated  ftriae  proceeded  from  it  in  every  diredtion.    The  corona 
foon  changed  its  form,  and  became  two  fegments  of  a  circle, 
convex  towards   the  centre  of  the  corona.     Radii   proceeded 
nearly  north  and  fouth,   diverging.     Thefe  prefently  ceafed. 
At  S^-25',  faint  glades  of  light  remained  near  the  zenith,  en- 
tirely detached  from  a  large  body  of  light  extending  from  wcfl- 
north-weft  to  nearly  eafl.— Thefe  in  a  tremulous  motion,  and 
frequently  (hooting  very  nimbly  with  increafed  luftre.     At  8  ^' 
40',  light  fliooting  brifkly  from  eaft-north-eaft  in  their  glades, 
a  little  fouth  of  the  zenith,  to  about  » 8  °  weft.     Several  ap- 
parently compa6:  fpots  of  light  near  the  zenith,  below  which, 
corrufcations  v^ere  very  brifk.     Calm  till  8^-45'. — Wind  then 
frefli  from  w^eft.     At  9^-  30',  the  Aurora,  for  three  quarters  of 
an  hour  paft,  having  been  upon  the  decline,  fettling  down  into 
a  general  body  of  ligiit  of  a  dull  appearance,  without  a  very 
dufky  cloud  near  the  horizon, — ^now  re-commenced  in  vivid 
ftriae  from  the  top  of  a  black  arc,   about  25°  altitude.     At  9^ 
35',  the  ftris,  frem  fhooting  very  nimbly,  became  corrufca- 
tions,— palled  confiderabiy  fouth  of  the  zenith,  and  continued 
feveral  minutes  in  very  quick  vibrations.     At  9^^*50  ',  no  uni- 
form dufky  appearance  near  the  horizon, — the  light  appearing 
in  detached  clouds  from  thence  upwards,  dancing  and  fiaftiing 
to  the  zenith.    At  1  o''*  15',  fubfided  into  a  general  body  of  light. 
March  3c.     A  fmall  Aurora. 

April  3.  Appeared  a  number  of  Auroral  fpots.  After  a 
fhort  continuance,  they  vanifhed.  No  other  Auroral  light  vi- 
fible. 

7.  In  the  beginning  of  the  evening,  appeared  a  common 
white  Aurora,  forming  an  agreeable  arc  at  about  20"  altitude, 

extending^ 


of  the  Aurora  B  or  calls,  0^3 

extending  from  north-weft  to  north-eaft,  fupported  by  a  thick 
duiky  cloud,  as  ufual  ;  through  which  feveral  ftars  were  plainly 
vifible,  efpecially  one  very  near  the  horizon.  At  eight  o'clock^ 
ftriiE  began  to  (hoot.  From  8^-15'  to  8^-30',  the  light  fhot 
into  different  forms,  detached  in  large  fpots  or  clouds.  At  8*^- 
30',  a  column  of  light  arofe  from  weft-north- weft  ;  and,  pall- 
ing about  15°  north  of  Procyon,  extended  feveral  degrees  eaft 
of  the  meridian.  At  the  fame  time,  another  column  afcended 
from  nearly  eaft,  at  a  confiderable  diftance  from  the  horizon, — 
paffing  a  i&w  degrees  fouth  of  the  other,  and  terminating  a  little 
weft  of  the  meridian.  Thofe  parts  of  the  heavens  included 
between  the  Auroral  clouds,  had  a  fimilar  appearance  v/ith  the 
dufky  cloud,  which  ufually  appears  beneath  an  Auroral  arc. 
Stars  were  very  vifible  in  thofe  included  parts.  The  two  co- 
lumns from  eaft  and  vveft,  moved  flowly  fouth  a  few  minutes, 
and  then  difappeared.  Afterwards,  the  light  decreafed  till  nine 
o'clock,  when  it  became  an  ordinary  Aurora, 
April  II.     A  fmall  Aurora. 

27.  .DitcrO. 

May  1 3 .  An  Aurora  commenced  In  the  beginning  of  the 
evening  ; — afcended  in  ftrias  ; — afterwards  changed  into  whitijQi 
clouds,  vtry  thin,  and  in  detachments  pafTed  the  zenith, — tra- 
velled fouth  ward,  and  continued  vifible  within  20°  of  the  ho- 
rizon. It  foon  declined,  and  in  a  little  time  was  reduced  to  a 
common  Aurora. 

29.     A  fmall  Aurora. 

Aug.   I.     Ditto,. 

16.  Ditto. 

19.  Ditto, 
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XV.  Meteorological  Obfervations  ^z/ Ipfwich,  hi  1781,  1782 
and  ij^T,*  X^/.  42°38'3o"N.  Loj2g.  jo""  ^^"W .  By  the 
Reverend  Man  AS  SEU  Cutler,  F.  A.  A.  mid  M,  S,  mzd 
Member  of  the  Thilofophical  Society  at  Philadelphia*^ 

TH  E  thermometer  ufed  in  the  following  obfervations,  was 
made  by  Gilbert ,  on  Farenheifs  fcale,  with  a  tube  four- 
teen inches  in  length.  It  is  placed  in  an  entry- way,  remote 
from  fire  or  the  rays  of  the  fun.  The  barometer  is  of  the 
portable  kind,  made  by  Hair.  The  quantity  of  rain  is  mea- 
fured  by  an  ombrometer,  made  of  tin,  twelve  inches  fquafe  at 
the  mouth,  the  iides  of  which  are  perpendicular.  The  rain 
falls  through  the  mouth  into  a  funnel,  which  conducts  it  into 
a  refervoir,  where  it  is  fecured  from  evaporation  ;  and  is,  after- 
wards, decanted  off  and  meafured  in  a  three-inch  cubic  meafure. 
It  ftands  firmly  fecured,  in  an  open  fituation,  with  the  mouth 
about  two  feet  from  the  ground.  The  quantity  of  water  con- 
tained in  fnows,  is  generally  afcertained  by  taking  the  cubic 
meafure  of  a  column  of  fnow,  at  its  mean  depth,  from  the 
furface  to  the  bottom,  and  diffolving  it  in  the  ombrometer. 
But  as  fnows  frequently  fall  one  upon  another,  or  are  accompa- 
nied with  rain,  there  is  great  difficulty  in  afcertaining,  with  ex- 
adlnefs,  the  quantity  of  water  that  falls  during  the  winter. 

In  the  account  of  difeafes,  not  every  diforder  that  occured, 
but  only  fuch  as  were  mofl  prevalent,  are  inferted.  Fdward 
A.  Holyokcy  M.  D.  favoured  me  with  the  account  of  difeafes 
in  Salem  ;  Dr.  Ifaac  Spaff'ord  v/ith  thofe  in  Beverly,  and  Dr. 
Mlijha  Whitney  with  thofe  in  Ipfwich^ 

Days. 


Meteofohgtcal  Ohfervathm for  Januaryy  1 7S  i ;       3  37 


12 


^3 


I 

r 

\: 

L  i( 

1: 

(.ic 


^5 


16-;    1 


Ther. 
3' 

38 
40 

39 
44 
43 
37 
3^ 
33 
31 
55 
36 
39 
49 
42 

37 
4^ 
42 
40 

4^ 
36 
23 
24 

23  - 
18 

23 
26 

33 
40 
41 
'39 
41- 
43 
40 

44 
40 

36 
37 
35 
3^ 
35 
37 
35 
.38 

33 
26 

31 

27 


Wiaa. 

NW. 

sw. 


sw. 

N. 
SW. 

sw. 
w. 

w. 

sw. 

sw. 

N. 
NW. 

NW. 

N. 
SE. 

W. 

W. 

NV/. 
SE. 


W. 

w. 

NW 


Weather, 


Fair. 


Fair. 


Days 

17 


H.rrher, 
21 


Cloudy,  fnowed  a 
little. 

i  A  little  fnow, "then 
rainy  and  foggy. 

Fair,  liigh  vind. 


Fair. 


Fair« 

Snow  p.  M.  &  moft 
of  the  liight. 

Fair.     About    5 
Inches  of  fnow  on 
the  ground. 

Clouds  &  efl-ane. 


23 
28 
21 

27 
28 


Cloudy  and  ihow.  j    1 9 


Clouds  &  Cihine. 


Fair,  pleafant. 


Fair,  fine  day. 


Clouds  and  rain. 


Fair. 


{, 

I  10 

r  8,27 

j    i|35 

t-io;  34 

f   8  27 

o<    236 

(.10  37 

f    8  36 

i-j    2  39 

Lio  39 

S  8  36 

2-j   i;38 

«-io.  37 

C  10 


25 


I    2 


26  j       I 

lio 

'{ 

r  8 
2 
10 


3 

8  31 

2:    37 

o  30 

29 

34 

8i3^ 

^i  35 

10  31 

26 


31 
32 

8|27,i 
2   32 


28 


29 


r  8 


3M 


!  IC 


36 
40 
42 

37 
32 
37 
37 
32 
39 
35 
28 

31 
31 


Wind. 
NW. 

NW. 

NW. 

N. 
NE. 

NW. 

NE. 

NW. 

wsw, 
w, 

NW. 

NW. 

N. 
SW. 

w. 
sw. 

sw. 

NW. 
NW. 


Weather. 
Clouds  &  online. 
In  the  evening 
Aurora  Bb^ealis<^ 

Fair. 


Fair. 
Cloudy. 

Snow;  rain;  foggy. 

©fhine  ;  clouds  j 
fnow. 

Snowed  ;  wind  very 
high. 

Clouds  and  fnow. 
About  6 inches  of 
fnow  on  the  ground. 

Fair.  Faint  Aurora 
Borealis  at  night. 

Fair,  pleafant. 

Cloudy  ;    at  night 
rain. 

Fair,  fine  day. 

Fair. 

Rain  ;  fair  ;  high 
wind.  FaintAu- 
rora  Borealis. 

Fair.  A  very  faint 
AuroraBorealis. 


Higheft, 
Therm.  \  Lowell:, 
L  Mean  ftat. 


A.  M. 

40° 

18 

^2 


Noon. 
49° 

36 


p.  Mo 

43^ 
23 


The  month,  in  general,  open  and  mild.     The  frequent  faiall  fnows  that  fell,  foon  picked.     Some 
days  as  pleafant  as  April . 

Lifetfes  mlpfuicb  ;  worm  cafes,  feme  fevers,  frequent  abfcefies,  cephalalgias,  ophthalmias — Healthy, 

Difeafes  in  Sale?n  ;  ophthalmias.a  few  pleuriCes  and  peripneumonys,  a  few  vomitings  and  purging?, 
and  worm  cafes. 

Difeafes  m  Beverly  ;  pleuritic  snd  peripnsumonic  fevers,  worm  cafes,  vomitings  and  purgings. 

T  %  Day?. 


3  ^S         Meteorohgical  Ohfervations  for  February,   1781* 


Day*.    H. 

Ther. 

Wind. 

J' 

28 

sw. 

1     ^ 

33 

s. 

.10 

36 

J    ' 

38 

ssw. 

1 

40 

Cdm. 

Lio 

41 

I    ' 

41 

WNW. 

3i    I 

4^ 

w. 

10 

37 

r  ^ 

27 

4   I 

31 

NE. 

10 

30 

■    8 

27 

^1     ' 

35 

W. 

tio 

34 

'    8 

31 

M     ' 

35 

NW. 

lie 

32 

'    8 

28 

7<^     I 

32 

SW. 

lie 

33 

r  8 

30 

Lio 

3S 

sw. 

36 

'  8 
9\    I 

23 

NW. 

20 

SW. 

lio 

21 

10  ^     I 

[lO 

19 

22 

NE. 

20 

'    8 

27 

^M   ' 

24 

NW. 

lie 

23 

r  8 

14 

12  <j  I 

IC 

23 

NW. 

21 

'    8 

19 

W. 

^3]     -• 

28 

SW. 

Lie 

32 

f  ^ 

35 

Hi    I 

42 

SW. 

Lie 

41 

Weather. 
Cloudyjalittle  fnow. 

Rain,  foggy. 

Fair,  a  very  fine  day. 

Mild  fn.  ftorm  ;  fnow 
feH  6  inches  deep. 

Fair  A.M.  Rain  in 
die  evening. 

Fair. 

Very  clear- 

G  Hiine  and  clouds. 

Very  cold  wind.  Tlicr. 
rem.  out  of  do*rs,  tlie 
mercury  ftood  at  o,  at 
^  after  9  o'clock,  a.  m. 

Severe  fnow  ftorm;  high 
winds;  fno. much  drifted, 
about  16  inches  deep. 

Fine  fair  day. 
Fair. 
Fair. 
Fair. 


[f. 


Wind. 


19 


21 


27 


NW. 


NW. 


NE. 
SW. 

w. 

SW. 

w. 
w. 

NW. 

w, 

SW. 

NW. 


Weather. 

Fair.      At   night 
Aurora  Borealis. 

Clouds  ;     fnow  ; 
Gfhme. 

Fhunder  &  lightning, 
in  the  morn,  cloudsi 
and  ©fliine  p.  m. 

Fair,  very  cold. 


Snow  and.  rain.. 


Fair. 


Fair. 

Snow  &  rain-;  {novr 
fell  about  6  inches^ 
deep. 

Hail  and  rain. . 


Fair.. 
Fair. 
Fair. 

Cloudy. 
Fair. 


A.M,   Noon.    P.^MV 

fHigheft,     41°     45^     43° 
Thermometer.  ^  Lovv'eft,      14       20       2a 
/  Mean  ftat.  30       34       35 

The  ground  covered  wltJifnow  during  the  month. 

Difcafes  in  T(>fxvtch  ;  fome  remittent  and  bihous  fevers,  pulmonary  phithlfes — Very  healthy. 
Difeafcs  in  Sukm  ;  ophthalmias,  chicken  pox,  abfccffes,  a  few  anginas,  plcuriiies,  h*em3ept«e3. 
Pifeafes  in  JSivcrty  ;  How  rcniiUeiH  f«vejs,  abfc^flts,  rhc\imatifms. 


pajs; 


Meteorological  Obfewations  for  March,   ly&i.  3',39 


Days-  H. 

Ther 

'  7 

31 

M    ' 

32 

L.o 

35 

'  7 

34 

37 

38 

r  ^ 

38 

3   I 

40 

h^ 

38 

r  7 

34 

4  ^ 

38 

[lO 

35 

r  ^ 

31 

5   2 

38 

[lO 

37 

'  7 

39 

6J  r 

45 

I" 

43 

'  8 

35 

7<^   I 

32 

10 1  29 

7!  30 

i|  3^ 
II !  32 

7';  27 

-i  3^ 
lO:  34 

r  7.3^ 
r  7-  34 

n  1:4^ 
1 10;  43 
r  7;  39 
J  I  4''' 
[11    42 

r  7  37 

^3^       2     4L 

Lio  37 

7    5^ 

4  37 

39 

50 

47 
46 

47 
42 


II 

r  7 


n.: 


Wlad. 

N. 
SW. 


sw. 
w. 

NW. 
SW. 
SW. 

NE. 

NW. 

NW. 
AV. 

NW. 
W. 

NW. 

W. 

SW. 

NW. 

SE. 

SW. 
NE. 

NW. 


Weather. 

Gfhine  ;    clouds  j 
rain. 

Clouds  ;  rain  and 
haiL 

Fair  ;  wiad  high. 
Fair. 


Cloudy,     fnoWa 


Ofhine  and  clouds. 

A  N.E.  fn»flor.  wind 
very  high ;  fnoAv  fell 
4-  inches  deep. 

Snow   A,  M. 

G  fhine  and  clouds. 

Fair. 


Fair. 


1^3  !r 


Days, 
17 

18 

19 

20 
31 
22 

23 
24 


Snow  and  rain.- 

©fliine  ;  rain  , 
f-    %gy. 

Fair, 


1 


H.fTher 

39 

47 
42 

43 
45 

43 

40 

43 
41 
40 
43 
36 
37 
4^ 
40 
36 
40 

38 
35 
37 
42 

43 

5'^ 

44 

36 

8 


io 

7 
2 

10 
8 
2 

10 

r  7 
2 

10 
7 

2 

10 

7 

2 

9 

7 

2 

1 1 

r  7 

9 
7 
2 


26 


r 
^7^ 


^■9\ 


I   9 

r  7 
1 

9 
r  7 


:) 

35 
41 
39 
36 
39 
37 
3^ 
3^ 
33 
32 


31 


L^°i  34 
7i  31 

XI     41 

7    3<5 

■2    43 
10   A I 


Wind. 
SW. 

NE. 

E. 
SW. 

NW. 

NW.- 

s.  - 

E. 

W. 

.N. 

NW, 

NW. 
SW. 

NA-v^. 

SE. 

N. 

N, 

NW. 

NW. 


Weather. 


Fair. 


Clouds  ;  rain  j' 
G;  fhiile. 

Rain  ;  wiiid  high  ;■ 
t  Ihine. 


Fair  ;  high  wind. 
Fair  ;  wind  high* 

Fair. 

Rain  ;     fnow  5 
mifty. 

Fair. 


Hain ;  fnow  at  nighty- 
fell  2  inches  deep. 

Fair.  Aur.Bor.  at  night ; 
a  bri.  glade  of  light  -from 
s.E.to  N . w.  acrofi  hemif. 

Snow  &  rain  ;  wind 
exceffivchigh. 

Squally,  G^iine. 
At  night  a  faint 
Aurora  Borealis,-- 


(^  Higheft, 
Them.   -^Lowell:, 

(^  Mean  flat. 


The  weather  frequently  cloudy  and  blallering,  Lcl  no  very  violent  llonns. 
ground  at  the  clofe  of  the  month. 

Difeafes  in  Ipf-n-tch  ;  hilio-JS  and  peripneumonic  fevers,  palfi^s,  v/orm  cafes. 
Difeaf'r-s  in  Salem  ;  anginas,  pleurifies,  cholics,  worms. 
Difeafes  ia  Beverly  ;  mixed  fevers,  chronic  rheumatifijis,  worras,  anginas, 

T  t  a 


Fair. 

A.M.     Noon.    P.M. 

46-      50°     47« 
27        32       29, 
36        40       38 

froft  nearly  put  of  the 


X)jys. 


24-0         Meteorological  Ohfcrvatkns  for  Aprils  178  r . 


.  H.rr: 

if 

V'. 


(10 

•'V 

i  10 

S)      2 

:o<    2 

I  10 

li 

1,: 


:3I 


12 


'3 


H 


■her. 

37 

45 

45 

38 


39 
3« 

37 
43 
-^o 
41 
52 
50 
45 
50 
48 

45 
49 
46 

49 
4S 
46 
41 

43 
42 

41 
50 
46 
42 

43 
42 
42 
49 
45 
43 
45 
43 
39 

45 
42 

38 
46 
9.  43 


Wind. 

NW. 

N. 


NE. 

N. 
NE. 

NW. 
W. 

w. 

N. 
NE. 

NE. 

NE. 
SW. 

WNW 

SE. 

3. 

NE. 

W. 
SW. 

NW. 
NAV. 

NW. 


Weatker. 

Fair. 

Violent  florms  of 
rain,  InowcSchail ; 
high  wind. 

Very  high  wind  ; 
i<ivs\'i.  Ihow  &  rain. 

Fair. 


Fair- 
Fair. 
Fair. 

Small  rain. 

Fair  ;    exceffive 
high  wind. 

Fair. 

Very  rainy. 
Fair. 

Cloudy. 
Fair., 
Fair^ 


17 


21 


H.lTher 
42 

49 
44 
41 
46 

45 
46 

50 
47 
45 
47 
44 
42 

43 
43 
45 
49 
47 
45 
49 
47 
44 
49 
46 

43 
49 
46 
48 

51 

SI 

56 

52 

54 
47 
45 
58 

5^ 

48 

56 
54 
5^ 
52 
56 


Wind. 

NE. 

NE. 
SW. 

NW^ 

SE. 

NE. 

NE. 

N. 
NE. 

N. 
SE. 

W. 
SW. 

SSE. 

w. 

W. 

N. 

N. 
SW.' 

SW. 
S. 


"Weather. 
Fair. 

O  fliine  and  clouds. 

Fair. 

Rain. 

Small  rain, 

Gfhine  and 
clouds. 

G  fhine  and  cloiads  ; 
very  high  wind. 

O  ftiine  and  clouds« 

Rainy. 
Clouds  and  Gflitne- 
Clouds  and  O  fhinec 

Fair. 

Fair. 

Fair. 
Cloudy  ;foggy ;  rain. 


A.M.    Noon.    P.M. 

rHighcft,     55°     58^     56'' 
'Therm.  \  [..oweft,      37       40       39 
^.Mean  Itat.  44      48       46 

^cry  Wufterlng  and  cold  the  greater  part  of  the  month.     Vegetation  very  badcward. 

Difeafesin  If>fwlch  ;  pleuritic  and  peripneumonic  fevers,  bilious  diforders — Healthy  in  general. 
Difcafes  in  Salem  ;  pleurifies,  peripcetirnonics,  coughs  and  colds,  anginas,  pulmonary  phthifos,   has* 
iiiVitoes,  worinB,  a  few  mild,  putrid,   ulcerated  throats — Sickly  for  the  feafon. 
©ieafes  in  Ssverly  ;  pleurifies,  peripneuraonics,  coughs,  cclds,  anginas  and  hasniDeptocs. 

Days. 


Meteorological  Ob/crvations  for  May,  1781. 


34^ 


Days, 


7 


v. 


6 
2 

9 

6 
2 

o 

8-J    2 


HJO  < 


J  I 


'3 


] 


.4      2 

6 


^5 


16 


1, 
[■I 


Ther 

54 
60 

65 

50 
62 
60 

57 
60 

58 
50 
55 
5' 
52 
58 
57 

53 

62 

58 

55 

58 

50 
47 
48 

47 
45 
4-t 

43 
43 

4-t- 
45 
42 

54 

52 

49 
50 

52 
49 

54 

72 
48 

63 

58 

c8 

<^7 
67 
60 
6ci 
62 


Barom 


77 
5  f 

5-^ 


Wind. 

w. 

sw. 

NW. 

w. 

NW. 

w. 

sw. 

E. 

s. 

ESE. 
NE. 

N. 
.VE. 


NE. 


29,96 

97 

98 
30,08 

-^T   SW. 
82 


NW 


NW 


W. 


SVvT. 


69!     E 


Weather. 
Fair. 

Ofhme&  clouds. 

Fair. 

Fair.  Violent  whirl- 
wind Irom  NW. 
to  SE. 

Fair. 

Fair ;   wind  high. 

Clouds  &  Gfliii^e  ; 
high  wind. 

Very  rainy. 

Excefiive  rain — a 
very  great  quantity 
fell  in  4S  liours. 

i  Gfliine  and- clouds, 
i 

! 

■'  Fair. 

!  ■  Clouds  -  fmall  rain. 

i 

i 

I  Clouds  and  a  fhip.e. 

I 

i 

I 

i  Fair. 
Fair. 
Clouds  and  Ofhine. 


Days. 

17 


18 

19 

20 
21 

22 

23 

24 


2s  N 


26  <; 


27s 


28  .J 


Ther 
58 
59 
58 
56 
62 

57 
54 
65 
62 

58 
67 
69 

65 

2j    61 

10!  66 

'^i  59 

2j    60 
lO!    56 

6  ^6 
1    62 

9!  57 
61  ss 
I'.  61 

lo'  SI 
6j  52 
i|  52 

lO'  52 
6' 
I 

10 
6 


31 


5^ 
58 
57 
57 
66 

69 
61 

77 

71 


71 
68 

74- 
68 

65 
65 
63 


Barom. 

29.8, 
9. 
87 
9c 

9; 

3o,c 
29,K  ■ 
8f 
8( 

5- 

¥ 

S: 
6c 
66 
92 

2C 
16 

2C 
20 

15 
10 

03 

20,96 

oc 

9c 

89 

88 
01 

86 
9c 
99 

80 
85 
55 
C^5 
85 
67 
80 

95 


I  Wind. 

NW. 
E. 


NE. 
SW. 

W. 

NW. 
NE. 

NE. 
SW. 

E. 
SE, 

NE. 
NE. 
W. 
SW. 

wsw 
sw. 

sw. 
w. 


Therm. 


Higheft, 
Loweft, 
Mean  flat. 


Weather. 

Raihy  thunder  and 
lightning. 

©fliine  and  clouds. 


Fair, 

GHiiine  j 
fin  all  rain. 

Clouds  and 
Olhine. 

Clouds  and  Ofhinto 

Gfhine  and 
clouds. 

Gfhine  and 
<;louds. 

Very  rainy. 
Pleafant,     fair. 


Fair,  a    very  fine 
day. 


Fair, 

Clouds  and  Qfiiinc. 

O  Hiir.e  and  clouds. 

Fair. 

A.  M.      Noon.      P.M. 

68°      77°       71'' 
42        44        43 
55        51        5« 


The  tncnth,  in  general,  cold  and  wet.     Vegetation  very  backward — grafs  fliort  and  thin — Indian  corn  planted  much 
later  than  ufual. 

Difeafes  in  Ipfivlch  ;  continued  and  remittent  fevers,  peripneumonies,  rheumatifms,  palfies,  worm  cafes. 
Difeafes  in  Salsm  ;  convuifions,    vomitings  and   purgings,  worms,  pleurifies,  rheumatifms,  feveral  mild  dyfenteries, 
abfcelTes,    coughs  and  ha;moptoes. 

Difeafes  in  Beverly  ;  pleurilies,  convuifions,  worms,  rheumatifms. 

T  t  3  Days. 


34^ 


Meteorological  Obfer'vatwns  for  yune^  178 


Days.    H. 


^10 


■1 


A 


6 

I 

10 

6 

2 

9 

6 

2 

10 

6 

2 

10 
6 
2 

9 
7 
I 


6 

8^  2 

9]  ^ 

C  9 

f  6 

II  <  2 

I2< 


13 


14- 


■4 


frher. 
61 
64 
61 
61 
61 

67 
58 

67 
62 

57 
63 
59 

55 

64 

63 

59 

67 

64 
60 

58 
54 
51 
53 
53 
53 
61 
62 
60 
69 
65 
63 
72 
60 

63 

75 
73 
68 
76 

73 
69 

77 

73 

70 

67 
66 


Baron I 
30,01 

05 

09 

05 

03 
01 

05 
29,96 

30 

12 

06 

18 

22 


"Wind. 

E. 

N. 

NW. 
E. 

N. 
£. 

SSE. 
S. 

NE. 


01 

29,99 
90 
62 
69 
60 

65|NE 
63 


ENE. 
NE. 


W. 


61 

55 
58 

54Kvmv 

64 

NW. 


sw. 


Weather. 
Fair. 


SW. 


sw. 


N. 


0ftime  and  clouds.      17 


Fair. 


Fair. 


Fair. 


Davs. 


Cloudy  ;  foggy.     [21^17 

Cold  N.E.  ftorm, 
very  rainy. 


Rainy. 

Mifty. 

G  fhlne,    clouds, 
thunder. 

Fair. 
Fair. 

©fliine  and  clouds. 

,'T;,flune  andclcuds  ; 
very  fultry. 

Small  rain. 


18 


19. 


20- 


24. 


26 


27 


29. 


30- 


Therm. 


Higheft, 

Lowell, 
Mean  Hat. 


A.M. 
70'^ 

62 


Noon.  P.M. 
77^     75° 
53       53 
68       62 


Barom. 
29,73 


68 

69 

64 

77 

65 

79 

69 

66 

67 

72 

65 

73 

73 

52 

6S 

50 

66 

41 

71 

27 

66 

61 

63 

72 

68 

(^5 

66 

72 

61 

88 

70 

63 

67 

60 

84 

74 

72 

64 

57 

68 

66 

62 

80 

74 
80! 

81 


90 
82 
80 
S5 

84 
82 
82 
82 
70 
72 
78 
62 
81 


Wind. 

NW. 

W. 
SW. 


WSW 

NW. 

NW. 

NW. 
W. 

NW. 
W. 

SW. 

sw. 

NE. 
NE. 

N. 

SE. 
SW. 

sw. 


Weather. 
Fair. 

Gfliine  ;  clouds  ; 
fmall  rain. 

Cloudy  ; 

rain. 

G  fhina ;  clouds;raIn; 
wind  very  high. 

Fair, ,  wind  Iiigh  ; 
Aurora  Borealis. 

G  fliine  and  clouds  ; 

at  night,    thunder 

and  lightning;  raino 

Fair   ;  cool  ;  very 
windy. 

Fair,     windy. 

Fair  ;  cool  air  ;  %-ery 
drying  wind. 

Fair  ;  clouds  ;  thun- 
der &  light,  windy, 

GfhJne  ;  clouds-  j 
fmall  rain. 

Very  rainy,  wind 
high. 

Miily.  . 

Mifty  ; 
fmall  rain. 

Fair  ;    a  very  fine 
day. 


A.M.  Noon.  P.  M. 

r30,  2,2  30,  q6  30,  18 

Barom.  ^  29,  41  29,  27  29,  44 

C29,  78  29,  69  29,  76 


Plentiful  rains.     Grain,  i:i  general,  very  fine.     Indian  corn  low  for  the  fc;;fon. — Very  little  thunder  and  liglitmng. 

Difcafes  in  Ipf-uiich  ;  pleiirlfies    peripnenmonicG,  worms,  abfcefies,  rheumatifms. 

Difeafes  in  S^/«;«  ;   fevers,  diarrli^eas,  vomitings  .with  purgings,  ple«rifies,  ophthaLniias,  abfccfies,  rheumatifms. 

DiTcafss  in  Beverly  ;  much  the  fame  as  in  Sakm, 


Mei^orohgkal  Obfervattons  for  July,  1 7  8 1 


343 


Bays.    H. 


1.10 


4I 


6 
I 

9 
6 
I 

6 
I 

L  9 

r  6 

r  6 

si  ■ 

1 10 

f   6 

lie 

r  6 
1 10 

Lio 

r  7 

L  9 

r  6 

14^  I 

Lio 

r  6 

r  7 


riiet 

Barom. 

Wind. 

72 

29,76 

NE. 

75 

70 

SW. 

72 

77 

69 

84 

77 

60 

w. 

72 

70 

68 

80 

NW. 

76 

62 

SW. 

70 

76 

69 

82 

79 

62 

NNW. 

72 

91 

68- 

30,00 

NW. 

81 

29,70 

W. 

79 

64 

IS 

85 

74 

85 

N. 

69 

90 

67 

90 

81 

58 

W. 

80 

52 

76 

59 

86 

28 

WSW. 

82 

^9 

79 

28 

^3 

19 

NW. 

7^ 

45 

74 

72 

NNE. 

66 

95 

67 

96 

69 

97 

NNE. 

66 

30:05 

65 

g6 

NN\^', 

70.. 

NE, 

66 

00 

^5 

!q,96 

76- 

68 
'    76 

s.sw. 

70 

82 

\v.  . 

80 

5^ 

8W.  ' 

76 

54 

76 

50 

SW. 

75 

24 

N. 

74 

59 

73 

62 

74 

■  56 

K. 

7C 

62 

. 

Weather. 
Fair,  a  fine  day. 

Gftiine  ;    r.  m.    a 
thunder  fliower. 

Fair. 


G  fhineand  clouds ; 
brifk  air. 


Fair,    fultry. 

Smoky,coolbre£ze^ 

Fair,    fmoky  and 
fukry. 

Hazv,       very 
lultry. 


Z  faine-and  clouds ; 
cool    air. 

xVIifty  morn;Ci'hinej 
cool  air, 

fliiuc- and  .clouds. 

Fair,    very  faliry 
and    dry. 

Cloudy  ;  higJi  ".vi.idJ  ! 
Plentjful  rain. 
Hazv. 


Days.    H.  jjTher.  Barom. 
70    29,60 


17  <•      I 
Lio 


19 


•23 


24 


7 
2 

9 
7 
I 

9 
7 
2 

9 

7 
2 

9 

7 

3 
o 
6 
I 

LIO 
6 


f 
I 
J 
I. 


'4„ 


10 
6 
1 

[O 

I     7 

26  ■{     2 

L  ^o 

[  ' 

27  ^J    2 

Lio 

r  ^ 

28  <!    2 

Lio 

[    7 
20  <{     I 

^   Lio 

i    0 

3  -•  <;    I 

r    61 


31 


70 
69 
70 
81 
78 

69 
68 

^5 
63 
70. 

77 
66 

/3 
70 
66 

75- 

71 

68 

79 

74 
70 
82 

73 
71 

75 

73 
69 

74 
69 
69 

74 
70 

^7 
77 
72 
68 


Liol  75 


2 
79  \ 

75 


Wind. 

NNW, 
N... 


52 
53 
56 
36 
4^ 
67 
66 

7' 

83 
72 

^5 
90 

74 
86 

5^'WNW, 

76 

81 
84 

50 

58 
61 
26 

40 1 


W. 

NE, 

NW. 
SE. 

SE. 


W. 

8SW. 
S. 


45  WNW, 

NW 
\\\ 


72 
62 
So 
90 
8c 
82 
88 
62 
71 
7 


n: 

w. 
s. 


His- 
Lov,-. 


8 
I  64 
.  6i 
6c 
44 
4'' 
54 
3^ 
41 

Tliernif 

I.M.-  Ndon.  p,r.i 
79°  06°  8a< 
63       68       6i 


SW. 

W:  . 

WNA\ 

w. 


Weather. 
Mill  and  raiiv 

Fair,    fine  day. 

Very  rainy. 
Fair. 


M.fty.t.  70  .76        7Z 


Gfhine  and  ^loutis. 


G  fiilne  and  .clouds= 

Glhineand  clouds;  a 
fmall  fprinkling  o£ 
rain.; 

Cloudy,    fmoky  air 


0  Taindand.  cloud«. 


G  ruine.and.cloud6. 


Gililne.andcloudti,  . 

Fair   rnorn,    cloudy 
afternoon. 

Gruine&clouds.  ?.m. 
a  plentlftil  fliow.of  la. 
withoutthun.orligh. 

yftine.and  clouds.   - 


Erj-oir..  -■ 
A-  M.     Neon.      P.M. 
;,c,q6     29,97     30,05 
^,9^,J^8  '  29,19     29,19 
i9>75     29,57     29,68 


Tfff  firfl  ?a/t  cf  the  month  very-hot  and  dri'  ;  the  hot  weather  continued  with  repeated  rains  and  great  dews  Eng- 
lifii  grain,  in  general,  very  fine.  Rye  confidtrahly  injured  by  blaft  or  mildew.  Siberian  wiicut,  which  was  fowtdjn 
'arge  quantities,  alroofi;  tctaliy  Juined.  Zngiifti  hay,  pkr.ty.  Indian  torn,  ar.d  Hax,  very  good,  iicarce  any  thunder 
and  ligh;nir.g. 

Djfeafes  in  Ipf-juicb  -.  bilious  complaints,   antfarca?,  worm  cafes,  a  few  fever.? — Very  healthy, 

pifeafes  in  Salem  ;   diarrhxas  vomitings,    dyftnttries,  anafarcas,  ophthalmias.  . 

^ifi;a[vS  in  Beverly  ;   alvine  fluxes,  remittent  -.ind  puirid  fevers,  P^?^  ■ 


344 

Days.    H.  [Ther 


Meteorological  Obfermattons  for  Augtifty  1 781, 


3<^ 


71 
74 
71 
70 

75 
69 

'65 

74 


77 


10 ,  76 

7'  72 


r  6 

[lO 


2    80 
10    74 

74 
82 


70 

74 
82 

79 
76 

87 


tio    83 

r  6  75 

9  J  2  80 

lio,  77 

r  7 

9 

7 
I 


n 


■II 


71 


69 

64 
67 


12 


7 
I 

9 
r  7 

[10 
r  6 

r  6 

i5  <!     2 


10  j  65 


A-: 


61 

70 

67 
69 

71 
69 

65 

60 

64 
62 
69 

67 
62 

70 
65 


Barom. 
29,56 

53 
61:5 
70 

63 
81 

90 
70 
80 
,  80 
65 
68 
84 
60 

.75 
74 
51 
5^ 
57 
3^^ 
8. 
8^ 
06 
1 1 
39 

41 
65 

,  62 
90 

30.05 

I    ,  02 

I      04 

3« 

29584 
46 
43 
52 

73 

72 

90 

30jc6 

29'95 

30,07 

14 
02 
ic 


Wind. 

NNE. 
NE. 

NNE. 
SE. 

E. 

SE. 

SE. 
SW. 

WNW 
SW. 

NW. 
SW. 


SW 

w. 

SW. 

W. 

SW. 

NW. 

N. 
NW. 

E. 

NE. 

SW. 
W. 

NW. 

NNW. 

E. 
SE. 


Weather. 
Fair  ;  very  fmoky 

p.  M. 

Fair}     fmoky. 


Foggy  morn ;  fair  ; 
at  night  rain. 

Q  fhine  and  clouds, 
fukry. 

Gfiiine  and  clouds. 

Fair;  very fultry.  A 
very  curious  Aur.j 
Borealis  at  night,    j 

Fair,  ftill  very  faltryJ 

1 

! 

Fair^  ther.  outdoors, 
and  in  the  fun,  mere, 
rang,  at  1 08*  at  5  p.  M 

Fair,  brifk  air. 

Fair  ;  briflv  wind  ; 

cool ;  a  very  fudden 

change  inthe  weather! 

Windbriflc;  ©ftine 
and  clouds. 

Cool,  very  fmoky,  j 
clouds  and0ihine. 

Plentiful  rain   laft 
night  &  this  morn  ;! 
clouds  and  C  fhine.! 

©fhine  ;    Aurora 
Borealis  at  night. 

Fair. 


Foggy  morn.  Gf^iir.e 


Days 


n 


20 


H.jTher.jBarom. 

30,14 
00 
00 
06 

29'93 

30,00 

29»93 
73 


22  <{  2 
^10 

23^  2 

tio 

7 

I 

10 


24 


25 


,26 


29 


30 


31 


61 
68 

67 
^S 
7i 
67 
^6 

73 
70 

69 

75 
70 

74 
71 
67 
78 
72 
71 
75 
73 
72 

74 
70 

(^^ 
69 

65 
64 

68 
68 

78 

72 
69 
62 

73 
68 

72 

7 


Wind. 

w. 

SW. 

SW. 
E. 

E. 

NNW. 

V/NW 

SW. 


72 
50 

44 
70 
90 
'70 
72 
91 
60 
74 
79 
59 
62 

70 

65KNW. 

84 

96 

88 

95 

94 

76 

72 
62' 

56 
69 
S6 


74 
69 

78 


N. 

NNW. 

WNW, 

N. 

NW. 
SW. 

SW. 


69  30,07 


72 
10  71 

71 

76 


6 
I 

10  69 


29,80 

77. 
69 

50 
73 


SW, 


S. 


Therm. 
A.M.  Noon.  P.M. 
Kij.       76"     87"     83° 
J.ow.      61       67       64 
M.  flat.  68       74       70 


Weatlier. 
Clouds  and  ©ftiinec 

©  (hine. 

Gfliine  and   clouds, 
rain  afternoon. 

Fair.  Aur.  Borealis 
which  continued 
thro'  the  night. 

Very  clear.  Aurora 
Borealis  at  night; 

Fair.  Aur.  Borealis 
at  night. 

Cloudy. 
Clouds  and  ©fiiine^ 

Clouds  and  ©fliine. 

©•^fliine,    clouds, 
rain  at  night. 

Poggymorn;  ©fhine ; 
Ihower  at  night. 

Fair. 
Clou|i  and  G^me. 
Clouds  and  G  fhine. 


Clouds  ;  plentiful 
fhower. 

Barom. 

A.M.    Noon.  p.  Af. 

30,14     30,02  30,10 

2,9,39     29,06  29,11 

29,81     29,66  29,67 


The  air  frequently  much  loaded  with  vapour. 
Garden  efculents  very  plenty. 


Not  an  infliince   of  thimder  and  lightning.     Salt  grafs  well  grown. 


T>\{fi.'it%'va.  Ipfiukh  ;  diarrhsas  dyfenterles,  cardialgias,  anginas — Healthy. 

Difeales  in  Hakm  ;  vomitings  and  purgings,  coughs,  abfcelVes,  fevers,  choleras,  abortions, 

5?ifeafcs  in  Bn-erl^  ,-  putrid  fevers,  diarrhxas,  and  dyfeiUcrics. 


Dayi. 


Meteorological  Obfevjations  for  September,   1 7  8 1 
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Days. 


II 


"1 
"I 


H.;Thei-. 

'Barom. 

Wind. 

6    f^-^. 

29.93 

2 

09 

82 

WNW 

9 

66 

90 

6 

6i 

95 

v;nw. 

I 

68 

72 

sw. 

10 

68 

64 

6 

(>6 

69 

I 

76 

44 

sw. 

9 

72 

45 

7 

73 

40 

sw. 

2 

81 

25 

NW. 

9 

72 

62 

6 

65 

3O5O0 

I 

70 

mv. 

9 

^l 

27 

7 

59 

34 

NW. 

J 
9 

67 
65 

^5 

10 

W. 

7 

65 

00 

S. 

I 

74 

29,55 

SW. 

II 

73 

42 

7 
I 

70 
66 

58 
8c 

WNW. 
NW. 

10 

61 

3^,H 

8 

58 

H 

2 

64 

2C 

NW. 

9 

62 

2S 

7 

61 

25 

2 

65 

09 

SW. 

9 

62 

07 

7 

62 

29,92 

I 

69 

60 

S3V/. 

10 

69 

42 

7 

63 

69 

I 

6i 

■7c 

SW. 

9 

62 

S3 

7 

60 

93 

"W, 

^ 

66 

82 

E. 

10 

62 

92 

7 

57 

3-^=7 

I 

69 

29,92 

YJ, 

10 

6j 

o-^-oj 

;■ 

62 

oS 

I 

74 

29,76 

W. 

IC 

69 

80 

V/cather. 
Fair. 

efliincandclcuds. 

O  flilne  and  clouds. 


O  Hiine  ;  cloudy  ; 
Imall  rain. 


Gfhine  and  clouds. 


Ofliine  and  clouds. 

C  fiiine ;  clouds ;  rain 
at  night  with  high 
wind. 

Fair,  windy. 


Clear. 


Cloacis,    rain. 


Clouds,    Gfi»ine, 
p" '    j  G^^'i'i^-  3nd  clouds,  j 


Fair. 


H.  Thcr 


19- 


25 


27 


9   (il 

6!   rn 

A  68 


Barom. 

Wind. 

29»77 
40 

w„ 

47 

82 

98 

NE. 
E. 

29.93 

E. 

70 
62 

W. 

72 
48 

50 

63 

96 

30,01 

w. 

sw. 

NW. 

NNW. 

04 
29,99 

3o>o7 

NW. 

N. 

21 

13 

NW. 

20 

25 

29,93 

W. 

94 

30,10 

29,91 

V/NV/. 

30,00 

01 

29,5c 
6c 

SW. 

6; 

7' 

WNW. 

94 

98 
81 
66 

NW. 

wsw. 

61 

47 

NW. 

(^-^ 

74 

60 

54 

NNW. 
NE. 

59 

wmv. 

74 
30,031 

NNW. 

Weather. 

Gfliinc  ;   clouds  ; 
windy  ;  rain  at  night. 

Qlhine  and  clouds. 

Very  rainy ,with  high 
wind ;  fair ;  br  ight  Au. 
Borealis  at  night. 

Very  clear. 


Cloudy,  a  little  rain. 

Cloudy,  rain, 
fair. 

Very  fmall  froft  in 
the  morn.  Gfhine 
and  clouds ;  windy. 

Fair, 


Fair. 

Fair,  fine  day.  Aur^ 
Borealis  at  night. 

Fair,  wind  very  high, 

Qfnine  and  clouds  j 
rain  at  night. 

Fair,  fine  day. 


G  fiiine  and 
clouds. 


G  fiiine  and  clouds.- 


>Jccn. 

P.M. 

A.M. 

N6 

on. 

P. 

M. 

77^ 

77^ 

C30, 

34 

30. 

20 

3°. 

20 

53 

51 

Barom. 

^29, 

40 

29, 

25 

29, 

48 

66 

63 

(.29, 

90 

29, 

76 

29, 

84 

A.M. 
( Highed,       73'^ 
Therm.  <  I..oweft,        47 
(,  Mean  (lat.    60 

Very  little  rain.     Fine  weathtr   for   ripening  Inaian  corn,  and   making   fait  hay,  of  which  there   are   good  crops. 
Garden-fruit  plenty. 

Difeafes  in  Iff-uich  ;  ciarrhceas,  dyfenteries,  vomitings — Very  healthy. 

Difeafes  in  Sale;n  ,-  dj'fenteries,  vomitings  and  purgings,  choleras,  abfcefies,  diarrhaas. 

Difeafes  in  Beverly  ;  dyfecteries  and  diarrhoeas,  low  fevers. 

U  u  Days, 


34^ 

l)ays. 


Meteorological  Obfervattons  for  OBober,  178; 


4<i 


I 


H.Ther 
8J48 

21  5-, 

10,52 

6. 
60 

59 
62 

58 
49 

50 
48 
40 

19 
52 

5^ 

60 

55 
53 
53 
51 
43 
53 


l_  I  o  48 

r  7!  46 


4 


i    M59 

L^o|  59 


II 


f-2 


13 


H 


^5 


7  52 

1  63 
9i  66 
7j  61 

2  70 
9;  68 

8  63 


16  ,> 


2 
9 
7 
2 

9 
7 
I 

9 
7 
2 
I 

7 
I 
Lio 


72 
69 

63 
69 

67 

5^ 
54 
59 
56 
6y 
61 
60 
68 

65 


Barom, 
,36 

2U 
20 

24 

29,98 

92 
90 

«3 
30,00 

3^ 

4^ 

55 
6b 

45 

3^^ 

25 

9,98 

30,06 

24 

36 
46 

58 

3^^ 
28 

14 
29,90 

97 
30,06 
29,80 

76 


74 

80 

55 
52 

49 

17 

20 

•      65 

72 
82 

95 

«3 

30,00 

OQ 

29»75 
6^ 


Wind.  , 

sw. 


SE. 
NW. 

NW. 

W. 
SW. 

w. 

NNW, 
SW. 

NW. 

W. 

SW. 

W. 
SW. 

SW. 

SW. 
W. 

WNW. 
SW 
SW 


Weather. 

Fair  ;  a  fmall  froft 
this  morning. 

Oiliineand  clouds  ; 
rain  at  night. 

Foggy ;  foir ;  fliower 
at  5  o'clock. 

fhine  and  clovids. 

Fair.  Water  a  llttlt 
frozen  this  niorn. 

Fair. 

Clouds   and  briik 
Vvind. 

Fair.     Small  Aur. 
I3orealis  at  night. 

Fair. 


Fair. 


Fair. 

Several    fhowers  ; 
fome  thun.  &  ligh. 

Ofliinc,cloud?|;  rain 
F.M. with  thun.  an  J 
ligh.  Sc  high  wind. 

Clouds  and  c_  fhine. 

Fair;  at  nightaver; 
curious  Aur.  Bor. 

~^  fhine  and  clouds  : 
very  brilk  wind. 


pay 


17 


r  7; 


19 


20 


22 


s.  H.Ther 
57 
51 
51 

46 
1J52 

o,5' 
7i  49 
2!  ^i 

46 
4'1- 
5" 
56 

54 
56 
54 
51 
53 


1. 


I. 


23 


24 


25 


26 


27 


t4 

48 
^8 

49 

57 

li^  54 

46 


n 


29 


30  < 


IK 


31 


45 
44 
4^ 
5^ 
49 
54 
50 
46 

49 

47 

45 

48 

45 
42 

47 

45 
40 

57 
52 


Parorn.l  Wind. 

'^^'^'5!^  wsw, 
^Mw. 
94 

30,01 

29,96 

30,001 
07 1 

^3 1 
06  j 

29^73  i  sw. 

59\ 

57! 

4SJWSW, 

66| 

95 

96 


NNE. 
NE. 

NW. 
NE. 


NW. 


50.i9i 
37i 
29i 

271 

c6 
29,67 
61 


NW. 
E. 

SSW. 
WNW 


94' 

94  WNW 
3o>'4 


H 

05 
29,92 

30,10 
13 


N. 
NE. 

NNW, 


HIg. 

Low. 

M.ftat. 


32 

4;') 
40 

36 
22 

00 

29»95 
92 

8i 

93 
30,02 

29,87 

Therm. 

.   Noon.  P.M. 
72°      69'' 
47       45 
56       54 


mv. 

N. 
W- 

SW. 


Weather. 

Rainy  morning,  fair. 

Clouds  ;  rain  p.m.  & 
thunder  at  night. 

Clouds  and  f[  fhine. 
Faint  Au.Bor.  at  nig. 

'"^ininetS:  clouds  j  at 
night  thun.  fc  light. 

0  fhine  and  cloudsj, 
line  day. 

G  fhine  and  clouda. 
O  fhine  and  clouds. 
Clouds,    rain  aftei?n> 

Fair,  Ene  day. 
Clouds,  rainy  afuCin. 
Clouds  aad  G  fhine. 
Clouds  and  Olhine. 
Moderate  rain; 
Fair,  brlfk  wind^ 

Fair,  fine  day. 

Barora. 
A.  M.     Noon.      P.M. 
30,68     30,45     .^0,55 
29,49     29,17     29,2a 
30,01     29,93     29,9;^ 


More  thunder  and  lightning  in  this  month  than  during  the  whole  fiunmcr.     Several  frofts  ;  but  many   of  the  more 
hardy  flowers  ftill  remain  uninjure-d.     Garden  efculents  plenty.     Indian  corn  well  ripened,  and  a  good  crop. 


Difcafes  in  Ipf-wlch  ;   a  very  few  dyfentjries  and  diarrhoeas,  low  fevers — Very  healthy. 

D:*eafes  in  Hah-m  ;  dyfcnteiies,  vomitings  and  purgings,  choleras,  abfcefles,  diarrlictas,  fevers,  abortions. 

pifcdlcs  in  J.-cvcf>'j  i  bilious  cholics,  foaie  nervous  fevers. 


Pays, 


Meteorological  Ohjer'cations  for  Noi: ember,  1781. 
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Days.    H 


ThCT. 
48 

5» 

Si 

52 

54 

9  53 

8;  50 

I"  49 

o;4« 
7;  45 
I  46 

^^  46 


■i 
•{ 

J   7141 
1,40 
lO;  4c 

(.10, 

'I 

o^    I    36 
L"o   37 

i 

r  9  3S 
-J  t  43 
(.10  39 
r  8  3B 
i  2  39 

(.io   39 

V  8  37 
^    2  40 

Cii.  37 


12 


'£3 


14 


40 
40 
39 
43 
44 
46 

47 

44 
40 

43 
°,  4^ 
9  35 
1   36 

9  33 
I 

6 
7 

8  33 
'    3^' 

9  37 
8  35- 
I  40 
o  40 


Barom. 

30,04 

29'9? 
6t 

53 
C^ 

7- 
6. 

5' 
6. 
6:. 
6: 

7' 
7: 
7- 
7- 
7-. 
7- 
7, 
7- 
6. 
8. 
8 

7- 
S. 

9 
9 
9 
30.^, 

C2 
IC 
12 
10 

o; 


Wind. 

N. 

SW. 
E. 


Weather. 
Cloudy  ;  very  great 
quantity  of  rain  at 
niijht  ;  wind  high. 

Mifty  ';    at  night 
very  rainy. 


Very  rainy,  high 
wind. 


N 

V\  I 

NW.  Cloudy. 

NW.   Bluftcring  &  fqually. 

I 

NW.   Cloudy  &  bluftering 


Days 
16 

17 


H, 


mv. 
w. 

NW. 
NW. 

NW. 

NW. 

NE. 


29,83 
79 

83 

93;  NNE. 

3^.7  I 

10  NNE. 

10    NW. 
3^1 


Fair  and  very  plea- 
fant. 

Very  bluftering  ana 
fqually. 

Very   chilly  and 
bluilering. 

!  Fair,    windy  and 
chilly. 

Fair. 


btormy. 

Clovidy  and  very 
chilly. 

Cloudy. 


Cloudy. 


fHigheft, 
Therm.  {  Loweft, 

t  Mean  ftat. 


A.  M. 

52- 

23 
37 


Noon.  P.M. 

54"  53* 

29  29 

43  39 


18 


{ 


19 -j     2 
III 


22 


23 


I 
10 

8; 
2 

9 

8 

X 

10 
8 
2 
o 

9 
2 

o 

r  8 


1: 


Ther. 
35 
41 

40 

37 
40 

41 
42 
42 
42 
39 
44 
44 
Z5 
36 
oS 
30 
35 


2 

lio 


4 


In 

r  8 

28<i       I 


29 


30 


35 
32 
34 
34 
32 
32 
29 

23 

29 

29 
27 
Zi 
40 
40 
45 
35 
26 

30 
32 
26 

ii 
37 
43 
43 

37 
34 
39 
38 


Barcm. 

30,4c 

32 

3r 
3- 

2  ■^ 
o 

29>9t 
92 

30v°f. 
o , 

29'93 
3o»07 

2( 

2b 

5c 
55 
36 
21 

29,92 
8^ 
86 

30,16 
30 
58 


80 

80 

70 

4 

07 

29>33 

40 
30,02! 

26J 
36; 

62' 
52' 
23: 

29»5o. 
41' 

67; 

96; 

30,06: 


Wind.  I 
WNWJ 

I 

SSE. 

NE. 

N. 
NW. 

W. 

wsw. 

NW. 

NW. 
NE. 

NW. 
WSW 

w, 

NW. 


SW. 

SSE. 
NW. 

NW. 

N. 
NE. 

E. 

NW. 

W. 


Weather. 

Fair,    Aur.  Borealis 
at  night. 

Ofhine  and  clouds. 

Clouds  and  Gfliine. 

Fair.  Small  Aurora 
Borealis  at  night, 

G  ihine  and  clouds. 

Cloudy  ;   at  night 
fnowjwhich  fell  about 
6  inches  deep. 

Clouds  and  Qfhine. 
Fair. 

Fair. 

Cloudy  ;  very  rainy 
night. 

Cloudy,          rain. 

Fair,     brifk  wind-. 

Cloudy  ;  wind  high  i 
at    night    very- 
rainy. 

Rainy  &  bluftering. 
Fair  and  pleafanti 


A.M.  Noon.  P.M. 

f  30,84  30,80  30,80 

Barom.  I  29,33  29,40  29,60 

[30,03  29,99  3o»o' 


The  greater  part  of  this  month  very  windjr,  cold  and  fiormy. 

Difeafes  in  Ipfivlch  ;  fome  low  fevers,  coughs  and  colds. 
Difeafes  in  Salem  ,-  plcuriues,  abfceffes,    anafarcas,   coughs,  ophthalmias. 
J>ifeafe«  ia  Beverly  ,-  cholicf,  coughs,  fotnc  febrile  complain  ts— Healthy < 

Ua» 


JJaJs: 
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Meteorological  Ohfervatlons  for  "December,  17^1 


Days. 


r 

1/ 


H.  rrher, 
36 
41 
41 

38 
40 
10  39 

37 
37 
38 
34 

4' 

40 

4.0 


10 

2  ' 

r  9: 

8 
2 

8; 


10 


II 


3^ 
35 
36 
38 
37 
38 
3^^ 
33 
34 
37 
3^ 
34 
36 
36 


M  35 

iO(  31 

8127 

2  32 
1 1  i  30 


2 
II 

r  ^ 
2 

9 


8  27 
-'  30 


14  <[  I 


tio 


»5 


10 


Barom,!  Wind. 
30,30'NNW. 

25, 

20 

14 

25 

17 

H 

20 

33 

20 

21 

29.73 
41 
62 
82 


NNW. 


NNW.: 


Weather. 
Gftiine  and  clouds. 

G^iine  and  clouds, 
very  bluftering. 

Sprinkling  of  fhow,' 
and  then  rain. 


Days.     H. 

8 

17  ' 


V/NW.  Gfliine  and  clouds. 


31 
29 

34 

37 

31 

34 

33 
27 

3^ 

30 
22 

26 

20 


8c 

6. 

8c 

3'^>o5 

03 

26 

17 
04 
29,46 

3- 
55 

72 
68 

74 

68 

60 

70 

7 
7 
8 

95 

91 

9' 

9'- 

30;CC 


NE. 
NW. 

W. 

N. 
NW. 

W. 

\V. 

NNE. 
W. 

WSW 
SW. 

sw. 

SW. 

w. 

WNW 
N. 


Very  fever e  ftorm.  1 
of  rain,M'itli  high : 
wind. 

G  flune  &  clouds.    \ 

i 
\ 

A  fprinkling  of  fnovv' 

lalt  night.  I 

Gfliinc  &  clouds.    \ 

Gfli'.ne  and  clouds  ;' 
fnow  at  night. 

Snov/,  rain  cc  hail. 

Fair.         Aurora 
Borealis  at  night- 

0flaiiie  and  clouds. 


Fair  and  pleafant. 
Fail-,      pleafant. 

Fair. 

Clouds,  fprinkling 
of  fnow  at  niglu. 


Ther.;  Barom. 
21  '30,30 
26  ■ 


18 


19 


10 

r  ^^ 
r  9 

2  r  {     I 


23 


3' 

29 

3^ 
^7 
20 

31 

33 


Wind. 
NW. 


40 

J^'NNW. 
^71  NW. 

/4i  A\r^ 
47 

37       29.81!      q£ 

•^^  !     f\  NW. 

40    !  80 

31   SO' 35 

^o-j      50^  NW, 

28 

24 

-7 


IO(   ?o 

8i  23 

^'  IS 
9!  36 

f    8i  28 
I 

24  <^       2i    27 

I  9I  24 

r    8j  22 

25  J  2  26 
[11!  24 
f    8    21 

i  26  <{  I  26 
32 
30 
32 
36 
35 
38 
37 
35 
38 
38 

r  8;  34 


io    35 

r  81 32 

Um  38 


sw„ 


1 1 

r  9 

27<J       I 

tio 

r  « 

28<{      2 

r  8 


N. 


70' 
60' 

5^' 
48; 

41;  NW. 

52] 

69 

66 

62! 

70! 

69=  NW. 

78j 

7^  WNW. 

^^1     W. 

45! 

30; 

20'  SW. 

04I 
29,80;   J^ 

J^!  NE. 
60  j 

82 

40 
40 
30,20 

26wmv. 

44 


s. 
w. 


10 

29.73 


NNW. 
SE. 


Therm. 
A.M.  Neon.  P.M. 
Hig.       40°     41°     .10° 
3.0'./.      20       a6       24 
M.  ilat.  30       34       34 


Weather, 
©flime  and   cloud?. 

0fiiine  and'  clouds. 

Clouds  and  G^iine, 

Fog  and  mill. 
Moft  of  the  fao^y 
gone  at  night.. 

Fair. 
Fair. 
Fair». 
Cloudy  &  bluiicring. 
Fair. 
Fair. 
Cloudy  and  mlfty. 

Very  rainy. 

Small   quantity   of 
fnov.'. 

Fair  and  pleafant. 

Snow  and  rain  ;  fog- 
gy at  night. 

Barom. 

A.  M.    Noon.  p.  M. 

30,78     30,69  30,78 

59,46     29,24  29,40 

3c, ij     30,01  3c, II 


The  ground  covered  with  a  fmall  quantity  of  fnow  during  the  inoiith  ;  but  not  more  thaa  three  or  four  inches  deep 
at  any  cue  time. 


IXfeafes  in  Ipf.uich  ;  colds,  abfcelfes,  cotfglis,  {-.tilmbnary  confu'mptions. 

Difeafes  in  SaU"?:  ;  plcurifies,  catarrhal  fevers,  ariginas,  abfccffcs,   cc-ughs,  cholics,  arlafarc'as, 

Pileafcs  in  J^^-vcrly  s  chronic  vheumatifmsj  bilis-us  cholics. 


Thersiometer, 
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Th 

ermometer. 

1 

Barometer. 

I78I.C 

reatcft 

JLeaft 

Mean 

Greateft 

Leaft 

Mean 

[eight. 

Height. 

Height. 

Height. 

Height. 

Height. 

January, 

49 

18 

34 

February, 

45 

•4 

32 

March, 

50 

24 

38 

April, 

58 

37 

46 

May, 

77 

42 

57 

June, 

77 

51 

64 

30,   22 

29,  27 

29»  74 

July, 

86 

63 

73 

30,  06 

29,  19 

29,  67 

Auguft, 

87 

61 

71 

30.    15 

29,  06 

29.  74 

September, 

77 

47 

69 

30.  34 

29,  25 

29.  83 

Oftober, 

72 

40 

53 

30,68 

29,  17 

29.  97 

November, 

54 

23 

39 

30.  84 

29.  33 

30,  01 

December, 

41 

20 

33 

30.  78 

29,  24 

3o»  09^ 

Whole  Yeai 

,87 

H 

51 

1782." 

JANUARY. 

Therm. 

Barom. 

A.  M. 

Noon. 

P.M. 

A.  M. 

Nocn. 

P.  M. 

Higkefl,  44  45  44  30,88  30,87  30,83 
Loweft,  6  10  7  29,92  29,90  29,92 
Mean  flat.  26     28     25     30,  i^j     30, 36     30,  39 

The  weather  variable — frequent  fiio^vs  and  rains.  Predomi- 
want  winds  from  W.  to  N.  E.  The  mercury  in  the  barome- 
ter ranged  exceedinfr  hiph.  On  the  'Z'ld.  a  fevere  fnow-florm, 
in  Vv^hich  the fnow  fell  t^venty  inches  deep — v/indN.  E.  The 
two  laft  days  intenf:ily  cold.  Forty-four  inches  of  fnow  fell 
during  the  month— -the  R-rouiid.  conilantlv  covered.  Fourteen 
days  of  falling  weather. 

Greateft  degree  of  heat  en  the  4th,  at  i,,  p.  m. — barom. 
at  30,  25 — wind  W. — fair.  Greateft deg.  of  cold  on  the  3 1  fbj 
at  8,  A.M. — barom.  at  3-3,  87 — wind  S.  W. — fair.  Barom. 
higheft  on  the  ^d,  at  8,  a.  m.— therm.  24''— wind N.— fair : 
loweft  on  the  25th,  at2,  p,  m,—  therm,  at22^-— windS.S.V/. 
*— fair. 
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In  the  evening  of  the  2d,  ar  faint  Aurora  Borealis wind 

S.  W.— fnowed  the  preceding  day  in  the  morn. — the  follow- 
ing rainy.  Another  in  the  night  of  the  9th — Vv'ind  N.  W. — 
preceding  day  milly — fnowed  on  the  four  following  days. 

Difeafes  in  Ipfwich  -,  rheumatifms,  palfies,  coughs,  ophthal- 
mias :  In  Salem ;  cholics,  catarrhal  fevers,  ophthalmias,  coughs 
and  defluilionary  diforder^  :  InBeverly ;  worms,  peripneumonies 
and  other  pulmonic  diforders. 

TEBRUARY, 


Therm. 

Barom. 

A.  M.     Noon. 

P.M. 

A.  M. 

Neon. 

P.  M. 

Higheft,     37     40 

39 

30,  99 

3o>93 

30.^3 

Loweft,        6      1 5 

18 

29,  84 

20,  62 

20,90 

Mean  ftat.  27     30 

30 

30^  3^ 

30,    32 

30,33 

Bluftering,  ilormy  and  cold few  pleaiant  days— -ground 

covered  with  a  confiderable  depth  of  fnow.  Predominant  winds 
from  W.  to  N.  E.  Eight  days  of  falling  weather.  Fifteen 
inches  of  fnow  fell  during  the  month. 

Greatefl:  deg.  of  heat  on  the  22d,  at  2,  P.  m. barom.   at 

the  lowed — wind  S.  W. — cloudy.  Greatefl:  deg.  of  cold  on 
the  I  ft,  at  8,   a.  m. — barom.  highefl:---wind  N.  W. — fair. 

An  Aurora  Borealis  in  the  evening  of  the  6th — wind  N. — 
the  preceding  and  following  days  fair  ;  but  on  the  third  and 
fourth  days  after,  it  fnowed. 

Difeafes  in  Ipfwich  -,  worm  cafes,  pleurifies — Very  healthy  : 
In  Sakfn  j  cholics,  anginas,  pleurifies,  rheumatifms,' fcrophu- 
ias  :    In  Beverly  ;  pulmonic  difeafes,  fmall  pox. 

MARCH. 


Therm. 

Barom. 

A.  M.    Noon, 

P.M. 

A.M. 

Noon. 

p.  M, 

Higheft,     43     50 

44 

30,  68 

30,  70 

30,  60 

Loweft.      21     31 

33 

29,  66 

29,63 

29»  43 

Meanftat.  35     40 

37 

30,  09 

29*  99 

The 
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The  weather,  in  general,  mild.  Predominant  winds  from 
S.  W.  to  N.  Small  quantity  of  fnow  with  rain  fell  on  the 
nth.  The  ground  moflly  bare  by  the  middle  of  the  month. 
The  latter  part  of  the  month  windy.  Six  rainy  days,  in  which 
a  large  quantity  of  rain  fell  ;  but  no  fevere  florm.  Grain  ap- 
pears to  have  been  very  little  injured  by  the  v/inter. 

Greateft  deg.  of  heat  on  the  14th,  at  i,  P.  m.— -barom.  30, 

02 wind  S.  W.— -funfliine  and  clouds.     Greatefl  deg.  of  cold 

on  the  4th,  at  7,  a.  m.— barom.  at  30,  58— wind  N.  W.— 
fair.  Barom.  highefl  on  the  8th,  at  2,  p.  m.— therm,  at  38** 
— v/ind  N.  E.  —cloudy  :  lov/efl  on  the  27th,  at  9,  p.  m.— 
therm,  at  42 '' — wind  high  at  S.  W. — cloudy. 

A  faint  Aurora  Borealis  on  the  9th  at  night— v/ind  W.— 
preceding  day  fair— on  the  following,  rain  and  fnow.  On  the 
14th,  a  bright  parhelion,  fouth  of  the  fun,  at  7,  a.m.  In 
the  morning  of  the  1  8  th,  very  fevere  thunder — two  houfes,  a 
barn  and  many  trees  ftruck  with  the  lightning  in  this  tov/n. 

Difeafes  in  Ipfwich  ;  cholera  morbus,  pulmonary  confump- 
tions,  rheumatifms,  colds,  coughs,  ophthalmias,  fcrophulas  : 
In  Sakrn  ;  ophthalmias,  fcrophulas,  bad  coughs  ;  In  Beverly  ; 
remitting  fevers. 


APRIL. 

Therm.  Barom 

A.M.    Noon.    P.M.         A.M.  Noon.  P.?, 

Highell:,  s^  ^^  ^^ 
Loweft,  39  49  41 
Mean  flat.  46     52     49 


29, 65     29,  67     29,  66 

29,  98     30,  01     30,  05 


The  firft  part  of  the  month,  warm  and  pieafant.  Vege- 
tation advanced  with  great  rapidity.  The  wind  frequently 
between  E.  and  S.  and  between  S.  and  W.— though  it  pre- 
vailed moilly  between  W.  and  N.     But  from  the  i6th  to  the 

Qn6^ 


352         Meteorological  Ohjer-vatiofis  for  the  Tear  1782. 

end  of  the  m«nth,  the  wind  was,  for  the  moil  part,  northerly, 
very  high,  and  frequent  cold  florms  of  rain.  Twelve  days  on 
which  rain  fell.  From  the  19th  to  the  25th,  wind  conflantly 
N.  E.  and  more  or  lefs  rain  fell  every  day. 

Greateft  deg.  of  heat  on  the  15th,  at  2,  p.  m.— barom.  at 
29,  84 — wind  S. — fair.     Greatefl  deg.  of  cold  on  the  i  ith, 

nt  6,   A.  M.— -barom.  30,  59 wind  N.  N.  E.—— cloudy. 

Barom.  higheil  on  the  26th,  at  6,   a.  tj.— -therm.   43" 

wind  N.  N.  W. — cloudy  :  lov/efi:  on  the  4th,  at  6,  a.  m, — 

therm.    51"* wind  very  high  at  W.  N.  \V. clouds  and 

funfhine. 

The  Aurora  Borealis  appeared  in  the  night  of  the  2d, — wind 
W. — and  of  the  4th, — wind  W.  N.  W.— the  preceding  and 
following  days  fair. — Wind  very  high  on  the  5th  and  6th. 
Another  Aurora  in  the  night  of  the  I4th,^--wind  W.S.W. — 
preceding  and  following  days  fair. 

Difeafes  in  Ipfwich  ;  putrid  and  ilow  fevers,  dyienteries,cho- 
lics — Sickly  :  In  Salem  •  chin  coughs,  cholics,  ophthalmias, 
pleuriiies,  peripneumonies,  rheumatifms,  catarrhal  fevers — 
Very  fickly  :  In  Beverly  -,  diforders  in  the  firft  paliages,  tu- 
mors. 


MAY. 

rherm. 

Barom. 

A.M. 

Noo«. 

P.M.          A. 

M. 

Noon. 

P.M. 

Higheft, 

61 

63 

63 

3o> 

32 

30, 

3<^ 

3o> 

28 

Loweft, 

47 

47 

47 

29. 

28 

29> 

34 

29. 

60 

Mean  flat. 

54 

59 

56 

29, 

91 

29. 

90 

29, 

95 

The  month  very  cool  and  wet — no  frofl.     Prevailing  winds 

from  W.    to  N.  and  N.  E.     Vegetation  backward.     Peach, 

and  fome  other  fruit-trees,  injured  by  the  winter.     Fourteen 

>days  on  which  rain  fell. 

Greatefl 
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Greateftdeg.  of  heat  on  the  12th,  at  i,  P.  m.— barom.  29, 
6^ — wind  N.W.— fair.  Greateft  deg.  of  cold  on  the  4th— 
the  mercury  ranged  at  the  fame  height  morning,  noon  and  night 
— barom.  rofe  from  29,  61  to  29,  80 — wind  N. — clouds  and 
rain.  The  night  was  very  remarkably  light,  although  it  was 
cloudy  and  no  moon  -,  probably  occafioned  by  a  very  bright 
Aurora  Borealis^  Barom.  highefl:  on  the  17th,  at  i,  p.  m. — 
therm.  53° — windN.E. — fair:  lowed  on  the  loth,  at6,  a.m. 
— ^therm.  58°— wind  N,  W.— fair. 

An  Aurora  Borealis  in  the  night  of  the  5th — wind  N.N.W. 
—of  the  6th — v/ind  S.  W. — of  the  9th~— wind  S.  S.  W. — 
and  of  the  2 2d — wind  S.  W.  Rain  on  the  preceding  and 
following  days  of  the  four  firft  -,  fair  weather  preceding  and 
following  the  laft  of  them.  Thunder  and  lightning  on  the 
3  3thw 

Difeaies  in  Ipfwich  ;  convulfions,  bilious  cholics,  putrid  fe- 
Ters,  worms  :  In  Sa/em  ;  chin  coughs,  cholics,  catarrhal  fevers, 
convulfions — Sickly  :  In  Beverly  ;  pulmonic  fevers,  worms. 

JUNE. 


Therm. 

Barom. 

A.  M.    Noon. 

'P.M. 

A.  M. 

Noon. 

p.  M. 

Highefl,     So     88 

81 

30'43 

3^,  31 

30>39 

Lovvefl:,       54     62 

56 

29,27 

29,  10 

29,23 

Mean  flat.  66     y^ 

70 

29,79 

29,  62 

29,76 

Predominant  winds  from  S.  W.  to  N.  W.  Frequent  mild 
3(howers — very  little  thunder  and  lightning — only  one  whole 
day  cloudy  during  the  month.  From  the  15th  to  the  24th, 
extremely  fultiy.  The  weather  exceedingly  favourable  to  ve- 
getation. All  kinds  of  corn,  grafs  and  garden-produ(5tions, 
promife  plentiful  crops.     Little  injury  done  by  infeds  and  rep- 

W  w  tilesy 
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tiles,  except  canker- worms  on  apple-trees  -  by  which  many. 
orchards,  for  years  pall,  have  not  only  been  deprived  of  fruity 
but  the  trees  alm.ofl  deftroyed.* 

Greateft  deg.  of  heat  on  theaad,  at  i,  p.  m. — barom.  29, 
10 — wind  W.  S.  W. —  funfhine  and  clouds,  Greatefi:  de^. 
of  cold  on  the  8th,  at  6,  a.  m»— barom.  30,  36— wind  high 
at  S.  W. — fair.  Barom.  highefc  on  the  9th,  at  7,  a.  m.— - 
therm.  50° — wind  S.  W.- — fair:  lov/eft  on  the  23d,  at  I3. 
p.  M. — therm,  ji  ° — v/ind  high  at  S.  S.  E.-— heavy  fhower 
of  rain^ 

Northern  lights  in  the  evenings  of  the  5tlrand  6  th — wind 

W.  N.  W. on  the  3d  and  4th,  fhowers  of  rain the  fix 

following  days  fair.  Diilaat  lightning  on  the  6th— —thunder 
and  lightning  on  the  19th,  22d  and  23d. 

Difeaies  in  Ipfwich  5    How    fevers,    worms,    rheumatifms^ 
pleurilies,  pulmonary  confumptions  ;  In  Sakm  3  chin  coughs^ 

?.n  d 

*  Among  the  many  experiments  that  have  besn  made  for  deftroyliig  canker= 
worms,  tarring  round  the  body  of  the  trees  feems  to  have  been  the  moft  cSe^flual : 
but  if  the  tar  be  applied  on  the  bark,  it  will  injure  the  trees,  efpecially  if  they  are 
young,  nearly  as  much  as  the  worms.  This  injury,  however,  may  be  entirely  pre- 
vented, and  the  worms  more  efFe<flually  deftroyed,  by  putting,  next  the  bark,  a 
clay  morter  well  mixed  with  hair  or  chopped  ftraw,  about  an  inch  thick  ;  upon  the 
morter  a  ftrip  of  canvafs  or  birch  bark  :  then  take  a  large  rope  of  fwingled  tow,  , 
twilled  by  hand,  and  make  two  or  three  turns  round  the  tree,  below  and  clofe  to 
tlxe  canvafs,  drawing  it  tight  upon  the  moifl  morter  to  prevent  the  tar  from  running,, 
down.  Let  the  canvafs  be  tarred  every  day,  juft  before  fuafet,  from  the  time  the 
fnow  is  gone  under  the^  trees,  in  the  fpring,  until  no  worms  are  found  on  the  tar- 
When  the  worms  have  dene  pafling,  the  whole  is  to  be  removed  from  the  trees. 
By  this  method  much  lefs  tar  is  ufed  j  and  it  has  been  found,  by  repeated  experi- 
ments, that  the  worms  will  be  deftroyed  in  two  years  without  the  leaft  injury  to  the 
trees.  But  compleat  fuccefs  Is  not  to  be  expeded,  unlefs  the  trees  are  tarred  as 
focn  as  the  fnow,  if  it  lays  late  in  the  fpring,  is  melted  away  about  their  bodi^^ 
and  faithfully  continued,  every  duy,  until  the  worms  have  dene  paffing*^^ 
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and  vomitings  and  purglngs   anK)ng  children:    In  Beverly-, 
chronic  diforders. 

JULY, 


Therm. 

Barom. 

A.  M.    Noon. 

P.M. 

A.  M. 

Noon . 

P.  M. 

-Higheft,     79     84 

80 

Z'^^'^S 

29,81 

30,  00 

Lowed,      6r     68 

bo 

29,  21 

29,06 

S9»  15 

Mean  flat,  69     71 

66 

29,  64 

29,42 

29»57 

The  whole  of  the  month,  efpecially  the  latter  part,  very  dry, 
A  few  fmall  fhowers  of  rain.  Frequent  heavy  fogs,  and  cool 
nights.  Winds  principally  from  W.  to  N.  Siberian  wheat 
entirely  defhroyed  by  a  blaft  or  mildew — rye  in  general  fhared 

the  fame  fate— oats  and  barley  greatly  injured- Indian   corn, 

and  the  later  garden  efculents  fuffered  from  the  drought  and  cold 
—plentiful  crops  of  Enghfli  hay. 

Greateft  deg.  of  heat  on  the  15th,  at  2,  ?,  m. baroni, 

lowefl — wind  S.  We — funfhine  and  clouds.  Greateft  deg.  of 
cold  on  the  20th,  at  9,  ?,  m.— -barom.  29,  61— wind  S.  W. 
—fair.  Barom,  highefl  on  the  20th,  at  8,  a.  m. — -therm^ 
68*^— wind  S.  W.-^cloudy. 

Northern  light  in  the  evening  of  the  9th— —wind  S.  W.-  - 
the  preceding  night  rain— the  following  days  fair  and  cool  i 

dfo,  in  the  eveningof  the  20th— wind  S,  W preceding  days 

fair— the  third  day  after,  rain.     Thunder  and  lightning  on  the 
24th. 

Difeafes  in  Ipfwich  5  diarrha^as,  pleuritic  fevers  :  In  Salem  j 
putrid  fevers,  cholics,  vomiting  blood,  chin  cough,  choleras, 
vomiting  and  purging  among  children;  \vi  Beverly  ^  worm 
fevers, 

W  w  2  AUGUST. 
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AUGUST 

. 

rherm. 

Barom.. 

A.M. 

NOOB. 

P.M;         A. 

M. 

No 

on. 

P.M. 

Highefl, 

79 

85 

76 

30, 

30 

3^> 

12 

3°^ 

22 

Loweft, 

55 

66 

61 

29, 

26 

29, 

20 

29. 

37 

Mean  flat. 

67 

73 

69 

29> 

82 

29,, 

65 

29, 

85 

Very  dry — fmall  /howers  of  rain  on  the  3d,  1.0th,  1 3thp 
19th  and  26th.  Foggy  nights  and  mornings  from  the  i8th  to 
the  27th.  Winds  very  variable — prevailed  moflly  from  W.  to. 
N.  Indian  corn  and  garden  vegetables  fuffered  by  the  drought. 
Failures  exceedingly  dried  up.     Salt  grafs  very  good. 

Greatefh  deg.    of  heat  on  the  9th,  at  2,    p.  m.. barom, 

loweft — windS'.W. — fair.     Greatefc  deo^.  of  cold  on  the  i  ^th\- 


A.  M. — barom,  highefb — wind  VV . — fair.- 


at7, 

Faint  northern  lights  in  the  evenings  of  the  26th  and  28th,, 

-—wind   N.  W. fair  and  cool  after  them.     On- the  9th,   a 

few  claps  of  thunder,  with  lightning. 

Difeafes  in  Ipfwicb  ;  dyfenteries,  flow  fevers,  worm  cafes  i 
In  Salem  j  cholera  morbus,  chin  coughs,  mild  dyfenteries, 
vomiting  and  purging  among  children  :  In  Beverly  -,  cholera 
morbus. 


SEPTEMBER. 


Therm 
A.M.  Noon.     P.M. 

Higheft,     74     86     78 
Loweft.      47     56     51 


Barom. 
A.  M.  Noon.  P.  M. 

30,40        30,22        30,25 
29,    51         28,97        29,56 

30,  02     29,  80     29,  95 


Rain, 
Inch, 

0,703 


Mean  ftat.  59     67     59 

Winds  variable,  and  frequently  very  high— prevailed  moftly 
between  S.  and  N.  W.  The  drought  extremely  fevere— only- 
four  very  fmall  fhowers  during  the  month.  The  dews  were 
commonly  large,  and  preferved  the  verdure  of  fome  kinds  of 
vegetables.     In  the  latter  part  of  the  month,  the  atmofpher« 

conftan»tly 
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Gonftantly  loaded  with  a  fmoky  vapour.  The  ground,  in  many- 
places,  faid  to  be  dried  to  a  mere  dufh,  as  low  as  four  or  five 
feet  from  the  furface.  The  withered  ftate  of  many  large  groves 
of  trees,  exhibit  a  melancholy  evidence  of  the  extreme  drynefs 
of  the  ground.  Fields  of  Indian  corn  as  white  as  they  ufually 
are  the  laft  of  Otflober,  with  their  ears  hangingdown,  and  hulks 
feparated.  All  kinds  of  garden  efculents  greatly  fufFered,  and 
many  of  them  peridied.  Horfes  and  cattle  fed  at  barns  before 
the  middle  of  the  month.. 

Greatefldeg.  of  heat  on  the  5th,  at  3,  p.m.-— barom.  lowell 
wind  extremely  high  at  S.  W.  The  mercury  fell  three- 
fourths  of  an  inch  from  7  in  the  morning  to  3  in  the  after- 
noon, and,  as  the  wind  abated,  rofe  as  much  in  about  fix  hours « 
Greatefl  deg.  of  cold  on  the  27th,  at  7,  a.  m. — barom.  30, 
ic — wind  W.  N.  W. — fair.  Barom.  highefl  on  the  14th,. 
at  6,  A.  M. — therm.  54° — wind  W. — fmoky  air. 

Frequent  northern  lights,  viz.  in  the  evening  of  the  5tla, 
finall — wind  W.. — the  6th  ;  wind  E. — rain  the  next  day  : — 

the  12th,  very  bright  ;  v/ind  W. cool  the  next  day  : — the 

13th  -y  v/ind  N.N.W.-— rain  the  next  day  : — the  15th;  wind 
N.  W.— fair  after  it  : — the  22d  ;  v/ind  S.  \V.— fair  after  it  ; 
— the  30th  j  wind  N.  W. — fprinkling  of  rain  next  day. 

Difeafes  in  Ipfwich  -,  continued  fevers,  worms  :  In  Sak?ri  , 
cholera  morbus,  chin  coughs,  mild  dyfenteries,  vomiting  and' 
purging  among  children  :.  In  Beverly  ;  flov/  fevers,  cholera 
morbus. 

OCTOBER. 


Therm. 

Barom. 

A.  M.    Noon. 

p.  I\T. 

A.  M. 

Noon. 

P.  M. 

Higheft,     59     64 

62 

30,    52 

30,51 

30,  50 

Rain. 

Loweft,      42     45 

44 

29,   62 

29^59 

29,  60 

Inch. 

Pvleanflat.  49     53 

51 

30,   08 

29.97 

30^  o3 

Frequent 

3 5^        'MefeoroJogkal  Ohfervatkns  for  the  'Year  1 78 z . 

Frequent  mfid  rains.  Predominaitt  winds  from  S.  V/.  te 
N.  W.  In  the  night  of  the  5tb,  Vv'ater  froze  abroad.  On  the 
17th  and  1 8th,  wind  exceffive  high,  with  rain  and  hail.  Fif- 
teen days  on  which  rain  fell. 

Greatefl  deg.  of  heat  on  the  3d,  at  i,   p.  m. — barom.  29, 

y^ — wind  W. — fiir,     Greatefl:  deg.  of  cold  on  the  5th,  at  7, 

A.  M.-  —wind  E.  N.  E. — -cloudy.     Barom.  higheft  on  the 

28th,  at  7,   A.  M.— therm.  43°— -wind  N.  W.— fair  :  loweft 

-on  the  6th,  at  i,   p.m. — therm.  63°-— wind  N.  W. — fair. 

Frequent  northern  lights  in  the  fir  ft  part  of  the  month • 

wind  between  S.  W.  and  N.  W. — rain  within  two  or  three 
days  after  each  of  them. 

Difeafes  in  Ipfwicb  ;  chin  coughs,  continued  and  putrid  fe- 
rvors, worms  :  In  S,alcm  j  dyfenteries,  rheumatifms,  flow  fc« 
vvers,  mumps  :  In  Beverly  ;  flow  fevers. 


.'NOVEMBER. 
'  Therm.  Baroin. 

A.  M.    Nocn.    P.  M.         A.  M.  Noon.  P.  M. 


.Highefl,  51  SS  54 
Loweft,  22  24  27 
Mean  flat.  37     41     41 


30,88  30,85  30,76 
29>5i  29,55  29,50 
30,15     30,  12     30,09 


Rain. 
Inch. 

4»533 


Predominant  winds  from  S.  W.  to  N.  W.  Frequently 
cloudy.  A  florm  of  fnow  on  the  2ifl — wind  N.— fnow  fell 
four  and  an  half  inches  deep.  The  ground  very  little  froze, 
and  the  fnow  melted  in  a  few  days.  Nine  days  of  falling 
weather. 

Greatefl  deg.  of  heat  on  the  7th,  at  2,  p.m. — therm,  low- 

.  efl wind   S.  W. cloudy.     Greatefl  deg.  of  cold  on  the 

29th,  at  8,  A.M. — barom.  30,60 — wind  W.— fair.     Barom. 
highefl  on  the  loth,  at  8,  A,  M.— therm.  33°- — wind  N.— 

The 
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The  Aurora  Borealis  appeared  only  in  the  evening  of  the 
26th — wind  W..N.  W.— cold  and  windy  after  it. 

Difeafes  in  Ipfwich  -,  rheumatifms,  cholics  :  In  ^alem  -,  flow 
fevers,  rheumatifms,  eryfipelas,  mumps,  cholics  :  In  Beverly  5 
ha?moptoes,  worms. 


DECEMBER, 

Therm. 

Barom. 

A.M.  Noon. 

P.M. 

A.  M.            Noon. 

p.  M. 

Higheft, 

50     53 

50 

30'75     30>7i 

30,83 

Rain,. 

Loweft, 

17       21 

14 

29>  37     29,  50 

29,56 

Inch. 

Mean  ilat. 

ZS'    37 

34 

z^*^s   30,09 

30,15 

3,601 

The  weather,  in  general,  pleafant  j  the  air,  on  many  days, 
as  pleafant  as  in  April  or  May.  Prevailing  winds  from  S.  W. 
to  N.  W.  The  ground  bare  and  very  little  froze.  Snow  fell 
three  inches  deep  on  the  30th  and  3 1  ft.  Seven  days  of  falling 
weather, , 

Greateft  deg.  of  heat  on  the  4th,  at  2,   p.  m. — barom.  2*9, 
92 — winds.  W, — fair.     Greateft  deg.  of  cold  on  the  15th, 

at  ID,   p.  M. barom.   30,73 wind  N.  N.  W. fair.. 

Barom.  higheft  on  the  8th,  .at  10,   p.  m.- — therm.   37* 

wind  W.  N,  W. — fair  :  loweft-  on  the  ^ift,  at  10,  p.  m, — 
therm,  37° — v/ind  N.  W. — fnowed, 

Difeafes  in  Ipfvsich  ;  pulmonary  confumptionSj  haemoptoes 
■ — Very  healthy  :  In  Sa/em  ;  flovr  fevers,  pleurilies,  rheuma- 
tifms, bad  coughs,  putrid  fore  throats  :  In  Beverly  ;  cholics, 
tOQtk^ach^  coughs,  6cc, 

Thermometer. 
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Thermomet 

er. 

Barometer. 

Rain," 

1782. 

Great  eft 

Leaft 

Mean 

Greatcft 

Lean, 

Mean 

Inchcf- 

Height. 

Height. 

Height. 

Height. 

Height. 

Height. 

January, 

45 

6 

26 

30,  88 

29,  90 

30,  37 

Februarr, 

40 

6 

29 

30,  99 

29,  62 

30,  34 

March, 

50 

21 

37 

30,  70 

29,43 

30,  06 

April, 

68 

39 

49 

30,53 

29,  6^ 

30,  01 

iVlav, 

68 

47 

56 

3°,  32 

29,  28 

2.9, 92 

June, 

88 

54 

70 

30,  43 

29,  10 

29, 72 

July, 

84 

60 

69 

30,  05 

29,  06 

29.  54 

Auguft, 

85 

SS 

70 

3o»  .30 

29,  20 

29,  77 

September, 

86 

47 

62 

30,  40 

28,97 

29,  92 

0,703 

Oaober, 

64 

42 

51 

30.  52 

29,59 

30,  04 

3,135 

November, 

SS 

22 

40 

30,88 

29,50 

.30,  12 

4>533 

December, 

53 

17 

35 

30,  83 
30,  99 

29,  37 

30,  13 

3,601 

Whole  Year, 

88 

6 

5^3 

28,  97 

29,  99 

11,970 

Since  Aug. 

1783, 


JANUARY 

Therm. 

Barom. 

A.M. 

Noon. 

P.M. 

A. 

M. 

Noon. 

P.M. 

HIgheft, 

42 

46 

4.5 

.30» 

90 

30, 

86 

30> 

82 

Rain. 

Loweft, 

7 

12 

H 

29, 

48 

29, 

41 

29, 

42 

Inch. 

Mean  flat. 

28 

32 

32 

30^ 

10 

3o> 

05 

3^^ 

06 

4,033 

The  flate  of  the  atmofphere  variable,  and  our  feelings  very 
difagreeably  affeded  by  the  conftant  viciffitudes  of  a  mild  and 
extreme  cold  air.  The  wind  frequently  between  N.  and  N.E. 
and  between  S.  W.  and  W.  but  prevailed  moftly  between  W, 
and  N.  W.  On  the  8th,  at  9,  p.  m.  the  therm,  abroad,  5° 
below  c,  and,  at  8  the  next  morning,  10''  below  o.  The 
ground  covered  with  fnow  from  the  5th  to  the  end  of  the 
month.  A  fevere  fnow-ftorm  on  the  loth,  with  N.  E.  wind. 
Eleven  days  of  falling  weather.  Snow  fell  twenty- three  inches 
in  the  month. 

Greateftdeg.  of  heat  on  the  25th,  at  i,  p.  m.— barom.  29, 

68— — v^ind  W.  S.  W, fair,     Greatefl  deg.  of  cold  on  the 

9th, 
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t)th,  at  8,  A.  M. — barom.  higheft wind  W.  N.  W.— fair. 

Barom.  lowed  on  the  19th,  at  i,  p.  m.— therm.  44*'— wind 
S.  W.— fair. 

An  Aurora  Borealis  in  the  riight  of  the  26th — wind  N.  W, 
preceding  days  fair — the  four  following,  cold,  with  fprinklings 
of  fnow. 

Difeafes  in  Ipfwich ;  pleuritic  fevers,  anginas,  coughs,  tooth- 
achs  :  In  Salem  ;  bad  coughs,  anginas,  tooth-achs,  rheuma- 
tifms,  pleuritic  fevers  :    In  Beverly  ;    remitting  fevers,    and 


nervous. 


FEBRUARY. 
Therm.  Barom. 

A.M.    Noon.    P.M.  A.  M.  Noon.  P.  M. 


Higheft,  51  53  52 
Lowefl,  I  12  10 
Mean  flat.  34     27     37 


30,84  30,61  30,83 
29,76  29,  64  29,73 
30,28     30,  19     30,26 


Rain. 
Inch- 

4»907- 

The  weather  more  capricious  than  the  laft  month.  The  va- 
rieties of  cold,  warm,  fair,  cloudy,  rainy,  fnowy  and  foggy 
weather  were  experienced  every  few  days  through  the  month, 
on  the  3d,  at  8,  a.  m.  the  therm,  out  doors,  flood  at  8°  be- 
low o.  Farmers  plowed  on  the  2ifl.  Winds  [variable,  but 
mofl  prevalent  from  S.  W.  to  W.  Ground  covered  with  fnow 
until  the  i8th.  A  very  denfe  fmoke-like  fog  in  the  evening  of 
the  loth,  attended  with  a  fmgular  kind  of  fcent,  fomewhat 
refembling  that  of  burned  leaves.  Thirteen  days  of  cloudy  and 
falling  weather.      Ten  inches  of  fnow  fell  during  the  month. 

Greatefl  deg.   of  heat  on  the  19th,  at  2,   p.  m. barom. 

lowefl— wind  S.  S.  W.— mifly.     Greatefl  deg.  of  cold  on  the 

3d,  at  7,   A.  M.— barom.  30,37 wind  W.  N.  W. fair. 

Barom.  highefl  on  the  9th,  at  7,  a.  m. — therm.  27' — wind 
N,  E.— cloudy. 

X  X  A 
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A  faint  Aurora  Borealis  in  the  evening  of  the  24— '"Wind 
W.  N.  W. — and  of  the  27th — wind  W,— fair  for  feveral  days 
after  them. 

Difeafes  in  Ipfwich  -,  coughs,  bilious  cholics,  rheufnatifms 
— Healthy  :  In  Sale?n  5  mild,  continued  and  rheumatic  fe\^rs,^ 
bad  cQughs  :  In  Beverly  ;  inflammations  of  the  eyes,  tumors. 

MARCH. 
Therm.  Barom. 

A.  M.    Noon.    p.  M.         A.  M.  Noon.  P.  M. 


Higheft,  50  56  S5 
Lowell,  16  24  21 
Mean  flat.  33     43     40 


30,73     30^41      30^53 

29,  30     29,  30     29,  28 

30,  12     30,  02     30,  05 


Rain. 
Inch. 

1^733 

Several  fmall  fnows,  which  foon  melted ;  the  air  mild.  Pre- 
dominant winds  from  S.  S.  W.  to  N.  W.  The  ground  bare 
the  greater  part  of  the  month,  and  very  little  froze.  Six  days 
of  falling  weather. 

Greatefl  deg.  of  heat  on  the  29th,  at  i,  p.m. — barom.  29, 
72— wind  S.  E.— mifly.     Greateil  deg.  of  cold  on  the  nth, 

at  7,   A.M.- — barom.  30,  50 wind  W.  N.  W. fair. 

Barom.  higheft  on  the  13th,  at  7,  a.  m.— therm.  25 ''—wind 
N.  N.  W.— fair  :  loweft  on  the  8th,  at  11,  p.  m.— therm. 
43° — wind  very  high  at  N.N.W. — fair. 

A  fmall  Aurora  Borealis  in  the  evenings  of  the  2d  and  26th 
—wind  W.N.W. — the  following  days  fair.  In  the  evening  of 
the  29th,  the  heavens  were  illuminated  with  a  very  bright  and 
fmgular  northern  light.  At  8^-  4',  when  I  firft  faw  it,  the 
northern  heavens,  as  far  as  E.  N.  E.  and  W.  S,W.  were  inter- 
fperfed  with  numerous  Auroral  clouds,  and  very  bright  fpots, 
fomewhat  refembling  lighted  torches.  From  the  luminous 
fpots  converging  corrufcations  Hiot  up,  with  a  quick  and  tre- 
mulous motion,  towards   the  zenith.     The  luminous  clouds 

were 
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were  continually  changing  their  form  and  fituation,  moving  with 
a  waving  or  flafhing  motion.  At  the  fame  time,  there  was  a 
bright  glade  or  zone  of  light,  compofed  of  very  fine  ftrise,  S. 
of  the  zenith  ;  which  extended  acrofs  the  hemifphere,  in  the 
S.  E.  and  S.  W.  points,  within  25°  of  the  horizon.  The 
fouthern  limb  of  the  zone  extended  almoft  as  far  as  the  cloudy 
ftar  in  Ca?2cer,  which  was  nearly  on  the  meridian.  At  8^- 15% 
the  ftriae  in  the  zone,  and  ftriated  corrufcations  from  every  other 
direction,  approached  towards  a  common  center  in  the  neck  of 
Leo  major,  and  formed  a  kind  of  vortex,  which  foon  became 
two  fegments  of  a  circle,and  then  changed  into  detached,  flafh- 
ing clouds.  At  50'  after  S'^- ,  a  very  extenfive  and  denfe  Auro- 
ral cloud  was  formed  in  the  W,  and  N.  W.  with  numerous 
ftriae  curioufly  turned  around  its  heads  and  indentations.  At 
half  after  9^-,  corrufcations  from  the  N.  extended  beyond  the 
zenith.  At  lo'^',  the  light  appeared  only  in  the  N.  and  greatly 
diminifhed.  There  appeared  to  be  an  extremely  rare  fluid  al- 
moft  continually  flafhing  beneath  the  flriated  vapour,  in  various 
diredions.  The  wind  at  W.  and  very  fmall  till  lo'^-,  when  it 
breezed  up  frefli  at  N.  W.  At  lo^^-,  therm.  53%  barom.  29, 
72.     Five  preceding  and  feven  following  days  fair.*     Faint 

X  X  2  northern 

*  By  a  letter  from  the  Reverend  Dr.  Stllesy  Prefident  of  Tale-Colkge,  which  I  re- 
ceived fooai  after,  it  appears,  that  the  extent  of  this  northern  light  near  the  zenith^ 
and  the  meeting  of  the  corrufcations,  were  obferved  at  New-Haven,  /computed 
diftance  i8o  miles,  S,  W.)  to  be  as  far  S.  and  nearly  in  the  fame  points  in  the 
heavens,  as  they  were  here.  He  fays,  that  "  At  Si^  lo',  the  Auroral  corrufcations 
*  from  the  eaftern,  weftern  and  northern  heavens,  concurred  In  a  center  12^  S.  of 
««  the  zenith,  in  a  line  from  the  two  ftars  (Cajlor  and  Polux)  in  the  head  oi  Gemini 
«<  to  Cor  Leon'ts.  Had  it  been  at  the  fummit  of  the  atraofphere,  it  muft  have  ap- 
"  peared  45°  or  50°  S.  of  the  zenith,  at  the  diftance  of  fifty  miles  N.  oiNenv-Haven  ; 
"  and  yet  tlie  Reverend  Mr.  Ativater,  of  Wejiford,  fifty  miles  N.  obferved  it  at  $* 
<«  ,f.o',  very  nearly  in  the  fame  place,  and  not  S.  of  Cor  Leonit, 
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northern  lights  in  feveralof  the  preceding  and  following  nights 
Two  bright  parhelia  on  the  8  th,  in  the  morning. 

Difeafes  in  Ipfwich  -,  coughs,pulmonic  complaints — Healthy ; 
In  Saiefn  -,  inflammatory,  pleuritic  and  rheumatic  fevers,  abfcef- 
fes  :  In  Beverly  -,  pulmonic  fevers,  rheuraatifms,  worms^  Sec, 


ITierm. 

A.M.  Noon.  P.M. 

Higheft,     6o     8o  71 

Loweft,      38     40  4a 

Mean  ftat.  47     54  50 


APRIL. 


A.M. 
30,  70 
29,30 
30,  10 


Barom. 

Noon. 

29,  32 

30,  00 


P.  M. 

3o»  57 
29,  20 

30*  07 


Rai« , 
Inch. 
1,007' 


The  weather  warm  and  pleafant.     Winds   principally  from 
S.  to  W.  N.  W.     The  air  frequently  fmoky.     The  17th,  ex- 
cefiive  warm  for  this  month  ;  the  therm,  ranged  at  82°,  within 
doors,  at  5,  p.  m.     The  ground  very  dry,  which  feems  to. 
have  retarded  vegetation.     Five  days  on  which  fain  fell. 

Greateft  deg.  of  heat  on  the  17th,  at  2,  p.  m. — barom.  29^ 
^ — windS.W. — fair.  Greateft  deg.  of  cold  on  the  13th,  at 
7,  A.  M.— barom.  30,44 — wind  N.  N.  W.— fair.  Barom. 
higheft  on  the  24th,  at  6,  a.  m. — therm.  48° — wind  N. — 

cloudy  :  loweft  on  the  12th,  at  11,   p.  m. therm.  42° 

wind  N.  W. — rainy. 

Early  in  the  evening  of  the  7th,  there  appeared^  a  bright 
Aurora  Borealis,  forming  an  arc  about  20°  above  the  horizon> 
in  theJ?^.  At  20'  after  8^-,  the  brightnefs  greatly  increafed  j. 
and  lucid  fpots,  refembling  torches,  at  different  heights  above 
the 'arc,  emitted  numerous  corrufcations.  At  8-'^- 46',  a  very 
bright  Auroral  zone  was  formed  from  E.  to  W,  N.  W.  paffing 
the  meridian  near  the  zenith.  Its  motion  was  vifible  and  uni- 
form towards  the  S.  preferving  its  pofition  as  to  theE.  and  W. 

points- 
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points.  It  appeared  to  be  a  luminous  vapour  of  confiderable 
denfity,  fornewhat  broken  near  the  meridian  -,  but  the  edge^ 
were  fo  well  defined  that  its  breadth  was  eafily  meafured  with  a 
fextant.  The  mean  of  the  breadth,  taken  at  feveral  times  and 
in  different  parts,  was  16°  10'.  In  its  progrefs,  it  pafTed  above 
feveral  fmall  clouds,  which  appeared  very  black,  accurately  de- 
fined, and  far  below  the  luminous  vapour.  After  paffing  a  little 
S.  of  Procyojj,  which  it  entirely  obfcured,  it  became  flationary 
at  36°  20'  S.  of  the  zenith.  In  a  few  minutes  the  light  grew 
faint,  and,  at9''-2',  wholly  difappeared.  Soon  after,  another 
fimilar  zone  formed  N.  of  the  zenith,  but  much  fainter,  and 
not  fo  broad  as  the  former.  It  pafTed  5°  40/  S.  of  the  zenith, 
and  difappeared.  Before  9^-  the  light  in  the  N.  was  greatly 
diminifhed,  and  appeared  like  a  common  Aurora.     The  wind 

was    N.  W.   and  very  fmall.     At  9^'-,  therm.  49° barom. 

30,19.  The  preceding  day,  cloudy  and.  rain— the  third  day 
after,  rain  and  hail.  There  were  alfo  faint  A4;rofas  in  the  even- 
ings of  the  1 2th,  26th  and  27th— the  wind  N.  W. — rain  on 
the  day  preceding  that  of  the  12th,  and  rain,  with  thunder 
and  lightning,  that  of  the  26th — the  fucceeding  days  fair  and. 
cool, 

Difeafes   in   Ipfwlch   ;    pleuritic   fevers,    worms,    cholics, 
ophthalmias  :  In  Sakm ;  inflammatory  and  flow  fevers,  cholips^^. 
bad  coughs  :    In  Beuerly  3  rheumatifms,  coughs,, 

MAY.  * 


Therm. 

Baron- 

1; 

A.M. 

Noon. 

P.M. 

A. 

M. 

Noon. 

km: 

Hlghefl, 

67 

78 

69 

3O' 

59 

3o> 

32 

30' 

42 

Rain. 

Lowefl, 

45 

50 

49 

29^ 

42 

29. 

33 

29> 

42 

Inch. 

Mean  flat. 

51 

61 

S7 

30^ 

02 

29, 

88 

29. 

96 

4,005 
Plentiful 
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Plentiful  rain  on  the  8th,  9th  and  loth,  but  the  air  very  cool 
after  it,  efpeclally  in  the  night,  which  greatly  retarded  vegeta- 
tion. Winds  mofl  prevalent  from  S,  S.  W.  to  W.  N.  W. 
Seed  few^ed  laft  month  lay  long  in  the  ground,  and  much  of  it 
perifhed.     Eight  days  on  which  rain  fell. 

Greateil  deg.  of  heat  on  the  i8th,  at  i,  p.m. — ^^-barom. 
lowefl:-— wind  S. — fair.     Greatefh  deg.  of  cold  on  the  5th,  at 

7,  A.  M. barom.  29,79 wind  N.  V/. .fair.     Barorh. 

highefl  on  the  28th,  at  6,  a.  m. — therm,  ^i^"" — wind  N.W. 
—fair. 

Faint  Aurora  Borealis  in  the  evenings  of  the  2d  and  1 3th — 
wind  N.  W. — clouds  and  rain  fucceeded  them.  Severe  thun- 
der and  lightning  on  the  23d,  at  5,   p.  m. 

Difeafes  in  Ipfwich  ;  flow  fevers,  coiaghs,  meailes  :  In  Sa- 
lem ;  mealies  epidemic,  inflammatory  fevers,  rheumatifms  : 
In  Beverly  j  anginas,  tonfilaris,  tumors. 

JUNE. 

Therm. 

A.M.    Noon.   P.M. 

Higheft,  y6  86  85 
Lowefl:,  53  S7  54 
Mean  fl:at,  66     y^     69 

The  temperature  of  the  atmofphere,  this  month,  exceedingly 
warm  and  moift,  which  produced  a  mofl:  rapid  vegetation. 
Winds  mofl:  prevalent  from  S.  to  W.  Apple-trees  lefs  injured 
by  canker-worms  than  the  lafl:  year.     Twelve  rainy  days. 

Greatefl:  deg.  of  heat  on  the  19th,  at  2,  P.  m.— barom.  29, 

i7>-_wind  S.  W.— fair.       Greatefl:   deg.  of  cold  on  the  ifl:, 

at6,  A.  M. — barom.  highefl: — wind  N.E. — cloudy.    Barom. 

lowefl:  on  the  8th,  at  2,  p.  m.-— therm,  ys"" — wind  very  high 

at  So  W-— -fair. 

Very 


Barom. 

A.  M. 

Noon. 

P.  M. 

30,42 

30,41 

30,41 

Rain* 

29>45 

29,  10 

29,   38 

Inch. 

29,78 

29,58 

29>73 

3*438 
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Very  faint  Aurora  Borealis  in  the  evenings  of  the  1 3th  and 
29th— wind  W.— fhowcrs  on  the  following  days.  Frequent 
thunder  and  lightning. 

Difeafes  in  Ipfwich  -,  flow  fevers,  meafles,  eryfipelas,  worms, 
pulmonary  confumptions  :  In  Sa/em  ;  meafles,  diforders  of  the 
firfl:  paflTages,  iynochi,  peripneumonies  ;  In  Beverly  ;  meafles 
epidemic. 


JULY. 


Therm. 

A.M. 

Noon. 

P.M. 

A.  M. 

Higheft, 

81 

89 

85 

30* 

15 

Loweft, 

60 

64 

62 

29, 

27 

Mean  flat. 

68 

73 

65 

29> 

74 

Barom. 
Noon. 
30,07 
28,  96 
29,58 


P.  M. 
30,  12 


29,  26  I  Inch. 


29,70 


Rain. 


9,062 


The  weather  very  hot,  with  frequent  heavy  fhowers  of  rain. 
Vegetation  very  luxuriant.  Grafs,  however,  fuffered  fo  much 
by  the  drought  and  cold  in  the  fpring,  that  the  crop  of  hay 
was- indiiterent.  Grain  of  all  kinds  appeared  very  fine,  but  is 
greatly  injured  by  mildew.  Flax  and  garden  efculents  exceeding 
good.  Indian  corn  in  a  moft  fiourifhing  flate.  Garden  and 
wild  fruit,  plenty.  Predominant  winds  from  S.W.  to  N.  W. 
Twelve  rainy  days.     Frequent  thunder  and  lightning. 

Greatefl  deg.  of  heat  on  the  25th,  at  2,   p.  m. barom. 

lowefl:— wind  S.  W. — fhower  approaching.     Greatefl  deg.  of 
coldionthe  ifl,  at  6,  a.m. — barom.  29,78 — wind  N.  E. — 

cloudy.     Barom.  highefl  on  the  29th,  at  6,   a.  m. ^^therm. 

63°— wind  N.  W.. — fair.' 

Difeafes  in  Ipfwich  ;  meafles,  diarrhasas,  flow  fevers,  pul- 
monic complaints  :  In  Saie;n  ;  dyfenteries,  diarrhoeas,  ophthal- 
mias^ inflammatory  fevers  :   In  Beverly  ;  meafles  epidemic 


AUGUST, 
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AUGUST. 

Therm. 

Barom. 

A.M.    NooB. 

P.M. 

A.M. 

Noon. 

P.M. 

Highefl,     78     88 

85 

30,  20 

30,  22 

30,25 

Rain. 

Loweft,      ^^     61 

59 

29,38 

29,  08 

29,07 

Inch. 

Mean  flat.  66     72 

68 

29,  80 

29.  37 

29.75 

4.438 

The  air,  by  turns,  very  warm  and  very  cool,  for  this  fealbn. 
On  the  morning  of  the  loth,  confiderable  froil:  in  low  ground. 
At  the  eaflward,  it  is  faid  to  have  been  fo  fevere  as  to  deftroy 
moft  of  the  fields  of  Indian  corn.  On  the  24th,  the  therm, 
in  the  fhade  abroad,  ranged  at  95°,  at  2,  p.m.  Repeated  large 
fhowers  of  rain.  Prevailing  winds  between  S.  W.  and  N.  W. 
Eleven  days  on  which  it  rained. 

Greateil  deg.  of  heat  on  the  24th,  at  i,  P.  m.—— barom. 
loweft— wind  S.  S.  W.— fair.     Greateft  deg.  of  cold  on  the 

loth,  at  6,    A.  M.— barom.   30,  20 wind  N.  W. fair. 

Barom.  highefl  on  the  26th,  at  10,  p.  m. therm.  61'' 

wind  N.  E.- — cloudy. 

Small  Aurora  Borealis  in  the  evening  of  the  i6th— windW. 
— and  of  the  1 9th — wind  N.  W.  Rain  and  thunder  the  fc- 
cond  day  after  the  firfl— fair  feveral  days  after  the  lafl.  Thun- 
der and  lightning  on  the  3d,  8th,   13th  and  i8th. 

Difeafes  in  Ipjwic/j  ;  pulmonic  and  aflhmatic  difbrders, 
worms— Very  healthy  :  In  Salem  ;  How  and  rheumatic  fe- 
vers, fynochi,  diarrhoeas,  dyfenteries,  cholera  morbus,  cholics, 
vomiting  and  purging  among  children  :    In  Beverly  ;  me#{les, 

diarrhaeas,  worms. 

SEPTEMBER. 

Baroin. 

A.  M.  Noon.  P.  M. 

30,    38        30,36        30,40 
29,   60       29,  30       29,47 

29.  9S 


Therm 
A.M.  Noon.    P.M. 

Highefl,  69  70  64 
Lowefl.  45  49  49 
Mean  flat,  ^j     6i     ^y 


29,80     29,91 


Rain. 
Inch. 

'1,44^ 
The 
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The  weather  variable.  Predominant  winds  from  S.  W. 
to  N.  Froil:  on  the  4th  and  ^3d,  but  only  very  tender  plants 
injured.  Garden  efculents  in  great  plenty  and  perfedlion.  Ten 
-days  on  which  rain  fell. 

Greatest  deg.  of  heat  on  the  14th,  at  i,  p.  m. — barom. 
-loweft — wind  S.W. — fair.  Greateft  deg.  of  cold  on  the  23d 
at  7,  A.  M. — barom.  30,  38 — wind  N.  W. — fair.  Barom. 
higheft  on  the  26th,  at  9^  p.m. — therm.  52° — windN. — fair. 

Difeafes  in  Ipfuxich  ,  worm  cafes — Very  healthy  :  In  Salem  -, 
fynochi  and  flow  fevers,  abfceffes,  cynanche  maligna,  vomit- 
ing and  purging  among  children  :   In  Be'verly  ;  meafles,  ^n^i- 


rnas,  abfceffes. 

oevo^tv.. 

' .. 

Therm. 

Barom. 

A.  Jvl.     Noon. 

p.  M.         A.  M. 

Noon. 

P.M. 

Highefl,      ^^      61 

67 

30,   61 

3^*52 

30,60 

Rain. 

Loweft,      40     43 

42 

-9»  39 

29,    15 

29,38 

Inch. 

Mean  ftat.  49     ^^ 

51 

30,  P2 

29*91 

29,96 

11,607 

.  Higli  winds  and  heavy  rains.  A  very  fevere  ftorm  of  rain  on 
the  9tlx,  and  on  the  i8th  and  19th,  attended  with  exceffive 
high  winds  at  N.  E.  Towards  the  clofe  of  the  ftorm  on  the 
19th,  confiderable  quantity  of  fnow  fell,  but  foon  melted.  In 
the  morning;  of  the  i  ith,  heavy  thunder,  with  hail  and  rain  : 
alfo,  fevere  th]Linden'and  lightning.,  with  hail  and  rain,  in  the 
evening  of  the  31ft— —feveral  buildings  ftruck,  and  creatures 
killed.  Predominant  winds  from  N.  W.  to  N.  E.  Large 
crops  of  Indian  corn.  Apples,  and  other  fall  fruit,  in  greater 
plenty  than  the  laft  year.  No  fevere  frofts.  Grafs,  and  many 
kinds  of  vegetables  retained  their  verdure  through  the  month. 
Rained  on  fourteen  days. 

Greateft  deg.  of  heat  on  the  23d,  at  i,  p.m.— -barom.  loweft 

wind  S.S.W.— -rainy,     Greateft  deg.  of  cold  on  the  26th, 

at  7,   A.  M.— barom.  higheft— -wind   W.  S.  W.— fair. 

Y  y  Difeafiis 
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Difeafes  in  Ipfimch  •  continued  fevers,  worm  cafes  very  rife  : 
In  Salem  '^  flow  and  fcarlet  fevers,  fynochi,  pleurifies — Sickly  ° 
In  Beverly  j  bilious  remitting  fevers. 


NOVEMBER. 

Therm. 

Barom. . 

A.M. 

Noon, 

P.M.           A. 

M. 

Noon. 

p. 

M. 

Higheft, 

49 

sz 

52 

30* 

80 

:^o» 

80. 

30^ 

84 

Rain, 

Loweft, 

25 

28 

26 

29, 

16 

29, 

23 

29, 

37 

Inch. 

Mean  flat. 

36 

40 

39 

30^ 

07 

3o> 

07 

30, 

08 

5,666 

.  Very  cold,  bluflering  and  flormy.  Winds  frequently  very 
high,  and  mofl  prevalent  between  W.  and  N.  Ground  froze 
hard  on  the  i  ith^—fnow  fell  on  the  12th,  and  did  jiot  v/holly 
go  off  during  the  month.  Snowed,  likewife,  on  the  28th  and' 
29th — about  four  inches  fell  in  the  month,.  Nine  days  of^ 
falling  weather. 

Greateft  deg.  of  heat  on.  the  4th,   at   i,  p.  m. — baram.  30, 

o^ wind  W.  S.  W,^ fair.     Greatefl  deg.  of  cold  on  the 

23d,  at  8,  A.  M. — barom.  30,56 — wind  W.  N.  W,-— fain 

Barom.  highefl  on  the  1 8th,  at  11,.  p.  m.— therm.  j2° 

wind  W.— fair  :    lowefl  on  the  28th,  at  8,  a.  m..— therm, 
^g"* — wind  N.  E. — fnowed. 

A  fmall  fhock  of  an  earthquake  about  1 1  o'clock  in  the  night 
of  the  29th,  but  was  felt  by  very  few  people  in  this  town. 

Difeafes  in  Ipfwich  -,  continued  fevers,  worm  cafes,  coughs  : 
In  Salem  ;  low,  depreffed  fevers,  cynanche  maligna.:  In  Be^ 
verly  5  bilious  remitting  fevers. 

DECEMBER. 

Therm. 
A.M.    Noon.    P.M 

Highefl,     ss 
Lowed,       1 4 

Meaiiftat.  34 


Therm. 

Barom. 

•"loon.    P.  M. 

A.M. 

Noon.            P.  M. 

54     54 

30,72 

30,58       30,63 

Rain. 

16     17 

29,  18 

29,  09       29,  30 

Inch. 

37    3^ 

3^1  K9 

30^  P3    30,07 

4/933 

The 
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The  former  part  of  the  month  rather  mild  and  pleafant,  "but 
the  latter,  bluflering,  flormy  and  cold.  The  ground  moftlybare 
to  the  iSth,  and  then  covered  with  fnow  to  the  end  of  the 
month.  Predominant  winds  from  W.N.W.  to  N.E.  Seven- 
teen days  of  falling  Weathero  Snow  fell  fourteen  inches  deep 
during  the  month, 

Greateft  deg.  of  heat  on  the  1 2 th^,  at  8 ,  a.m.-— -barom . 
29,84— wind  S.W.— -fair.  Greateft  deg.  of  cold  on  the  24th, 
at  8,  A.M. — barom.  30,35— -wind  W,N.Wo-— fair,  Barom. 
higheftonthe  15th,  at  8,  a.m.— therm.  30®— wind  N.N. Wo 
— fair  :  loweft  on  the  ift,  at  i,  p.  M.— -therm,  41''— wind 
N.  E.^ — rainy, 

Difeafes  in  Ipfwich  -,  putrid  fevers,  coughs,  worm  cafes— * 
Healthy:  In  Sale?Jt -,  febrile  diforders  frequent,  as  pkurifies, 
rheumatifms,  catarrhal  fevers,  cynanche  maligna,  abfeefles  i 
4n  Beverly  -,  hsmoptoeSj  flow  fevers,  coughs. 


Thermometer. 


1 7  8 '2        Greateft    Leaft 


'January, 
February- 
March, 
April, 
May, 
June, 

July* 

Auguft,  88 

September,  70 

0(Jlober,  67 

November,  ^^ 

December,  55 


Height.  Height. 


Mean 
Height. 


46 

53 
56 
80 
78 
86 
89 


7 

31 

I 

35 

i6 

39 

38 

50 

45 

56 

53 

70 

60 

69 

5S 

69 

45 

59 

40 

51 

25 

38 

14 

36 

Whole  Year,    89         i       50 


Greateft 
Height. 

305  90 
3o»  84 
3o>  73 
30,  70 
30,59 
3o>  42 
30,  15 
30,  25 
30,  40 
30,  61 

3o»% 
30.  72 


Barometer. 

Leaft' 
Height. 
^29,41 
29,  64 
29,  28 
29,  20 

29,  33 
29,  10 

28,  96 

29,  07 

29,  30 
29,  15 

29,  16 

29,  09 


Meaa 
Height. 

30,  07 
3o»  24 
30,  06 
30,  06 
29»  95 
29»  79 
29,^ 
29,  64 
29,  89 

29,  96 

30,  07 
30,  07 


30,  go      28,  96      39,  95 


'Rain. 

Inches. 

4>o3$ 
4»907 
i»733 
1,007 

4>o«>5 

3>438 
9,o52 

4»43* 

1,448 

11,607 

S,666 

4,933 
5^1277 


y  2 


>7 


{% 
m 


IJT.        Gen.  Lincoln 's  Account  of  Jeveral Strata,  of 

XVI.  An  Account  of  fever al  Strata  of  Earth  and\  Shells  oit 
the  Banks  of  York- River,  in  Virginia;-  of  a  fubterraneous  ■ 
Pajfage,  and  the  fudden  Defcent.  of  a.  very  large  Current  of 
Water  from  a  Mountain,  near  Carliile  -,  of  a-  remarkably  ■ 
large  Spring  izear  Reading,,  /;2  Pennfylvania  ;  and  alfo  of  fe-^ 
veral  remarkable  Springs  in  the  States  of  Vo-^niylv^ims.- and 
Virginia.  In  aLetterfrom  the  Hon..  Benjamin  Lincoln,., 
£/^;  F.A^A.  to  the  i?f^'.  Joseph.  Will  ARD,  V.Fref. 
A.  A.  and  Prefdent  of  the,  Univerfty^at  Cambridge. . 

THAT  this  earth,  fince  its  formation,  has  met  with  great . 
changes,    and  that   the  fhores,  now  covered  with  tHe 
tallefl  cedars  and maft  luxuriant  plants,  were  once  waflied  by. 
the  ocean,  none  can  deny.     The  land  between  fames-river  '^nd^ 
1  or k -river,  m  Virginia,  is   very  level  ;  its  furface  being  about 
forty  feet  above  high -water  mark«     It  appears  to  have  arrived; 
to  its    prefent  height  at  different  periods,  fir  diftant  each  from 
the  other,  by  means  of  the  ocean  :  for,  near  7  ork-toiojt,  wh^ro. 
the  banks  are  perpendicular,  you  firfl  fee  a  ftratum  of  earth, , 
about  five  feet  high,  intermixed  v/ith  fmall  ihells,  which  has  the  ■ 
appearance  of  a  mixture  of  clay  and:fan4.     On  that  lies,'hori- 
zontalty,  a  ilratum  of  white  {hells,  the  cockle,  the  clam,  and 
othcrSj  im  inch  or  two  thick.:  then  a  body  of  earth,  iimilar  to, 
that  firft  mentioned,  eighteen  inches  thick  :  afid  on  tliat  lies  ano- 
ther'thih  body  of  fmall  fliells,  then  a  third  body  af  earth,  about 
theJ^me  tllicknefs  as  fhe-lail  j  and  on  that  lies  another  body  of 
v.'hite  fells,    of  various  kinds,  about  three  feet  thick,  with, 
very  little  fand,    or  earth,    mixed  with  them.     On  thefe  lies  a. 
body   of  oyfler-ilieils,  about  fix  feet  thick  ^  then  a  body  of 
prtii  to  the  forface.    The  oyiler-ih^lls  are  fo  united  bv  a  very 
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flirong  cement,  that  they  fall  only  when  undermined,  and  thea 
in  large  bodies,  from  one  to  twenty  tons  weight.  They  have 
the  appearance  of  large  rocks  on  the  fhores,  and  are  wafted  by 
the  frequent  walhing  of  the  fea.  All  thefe  different  ftrata  feem. 
to  be  perfectly  horizontal. 

After  riding  about  feven  miles  from  Tork-town,  near  the  cen- 
ter between  the  two  rivers,  I  difcovered,  at  a  place  from  which  a 
large  body  of  earth  had  been  removed  to  a  mill-dam,  nearly  the 
fame  appearance  as  in  the  bank  iirfl  mentioned. 

What  they  call  their  flone,,  with  which  they  build  in  To?'k- 
town,  is  nothing  more  than  fhells,   united  by  a  ftrong  cement, 
which  feems  to  be  petrified  in  a  degree,  but  is  apparently  affeded . 
by  the  v/eather, . 

ON  the  2'dof  Augufl,  being  at  Carlijle,  m  the  lliateof  Pt'/z;z=- 
Jjlvania,  I  went  to  view  a  fubterraneous  paflage,  which  had  its  • 
entrance  near  a  river  into  a  rock.  I  folio v/ed  it  about  two  hun- 
dred and  fifty  feet  :  to  this  difkanceit  was,  in  general,  from  fix  to 
ievenfeet  high,  and  about  the  fame  in  width;  At  the  end  of 
two  hundred  and  iifty  feet  it  divided  into  three  branches.— As 
they  were  fmaller,  and  more  difficult  tofofo  v,  and  finding  my- 
feif  exceedingly  chilled,  (which  coft  mc  one  of  the  fickeil  nights 
I  ever,  fuffered)  I  gave  up  the  purfuit-  though  I  had  proceeded 
but  about  half  the  diflance,  as  I  was  informed  by  Col.  Butler, 
who  had  been  near  the  end.  It  appeared  to  me  that  it  was  a 
water-courfe,  as  the  rocks  were  worn  fmooth,  and  indented  in 
the  manner  they  ufually  are -by  a  long  running  of  water  over 
them.  The  appearance  over  head  was  curious  3  fome  parts 
were  fmcoth  like  the  fides  ;  other  parts  reprefented  various 
figures,,  form.ed  by  the  water  which  had  penetrated  through  the 
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pores  of  the  rock,  and  was  now  petrified  and  petrifying  on  it-s 
furface.     The  bottom  was  apparently  earth  and  fmall  Hones. 

About  three  years  fmce,    the  people  in  the  vicinity  of  this 
town,  who  lived  near   the  mountain  which  is  about  ten  miles 
-from  the  village,  Vv^ere  alarmed  by  a  current  of  water  overflow- 
ing the  banks  of  the  river.     The  caufe  they  could  not  invefti- 
gate,  as  these  had   been,  .the  night 'before,  'but  a  fmall  rain  : 
however,  they  foon  found  thefirft  efi-e(£ls  of  the  water  appeared 
within  about  twenty  feet  of  the  top  of  the  mountain.     Whe- 
ther it  hurfl  forth-from  the  mountain,  or  was  a  column  of  wa- 
ter from  the  clouds,  has  not  yet  been  afcertained.     The  courfc 
in  which  it  ran  down  the  mountain  was  dry  the  next  mornings 
It  was  confined  to  the  width  of  twenty  feet,  perhaps  lefs.     It 
appeared  to  be  about  thirty  feet  deep,  as  could  be  difcovered  by 
its  effedts  on  thofe  trees   which  were  not  carried  away  by  the 
water.     It  cut  a  paiTage  in  the  fide  of  the  mountain,  of  about 
feven  or  eight  feet  wide,  and  near  that  depth.     The  traces  of 
iit  are  ktn  from  the  town,  though,  as   I  faid  before,  it  is  ten 
miles  diflant.     One  rock,  of  a  very  confiderable  weighty  was 
-thrown  into  the  crotch  of  a  tree,  twelve  feet  from  the  ground, 
.in  which  it  remained  for  feme  time.     When  the  water  came 
into, the, valley,  its  impetuofity  was  fo  great  that  it  was  not  im- 
mediately diverted,  but  reached  a  fmall  rifmg  ground,  through 
which  it  <:ut  a  paiTage  ^  then  followed  the  valley,  and  fo  on  t© 
fthe  riverj  which   was  at  fome  confiderable  diiiance.     In  its 
courfe,  it  carried  off  all  the  fences,  and  came  upon  the  floors  of 
fome  of  the  houfes.     I  have  had  fome  converfation  with  Mr» 
Rittenhoiife  on  the  fubjed,  who  has  been  twice  to  fee  the  efFeds 
of  the  water.     It  is  his  opinion,  that  it  was  not  a  column  of 
water  which  burfled  forth  from  the  mountain,  as  it  was  near 
tiie  top  of  one  of  the  highefb.  On 
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On  my  return  to  Philadelphia,  in  the  neighbourhood  of  Read- 
ing,  I  came  to  the  greateft  fpring  of  water  I  had  ever  feen. — It 
is  about  fourteen  feet  deep,  and  about  one  hundred  feet  fquare. 
A  full  mill-ftream  iffues  from  it.     The  water  is  clear  and  full 
of  fi£hes.     To  account  for  this  body  of  water,  was  my  enquiry. 
I  foon  found,  that  it  was  probably  the  rifing  and  burfting  forth?  ■■ 
of  a  very  conliderable  river,  which  funk  into  the  ground  and  - 
totally  difappeared,  one  mile  and  an  .  half  or  two  miles  diflant^^ 
from  this  place. 

In  the  northern  parts  of  Penft^Ivania^-  there  is  a  creeky  called 
Oil-Creek,  which  empties  itfelf  into  the  Alleghana-river,  iflu- 
ing  from  a  fpring,  on  the  top  of  which  floates  an  oil,  fimilar  to 
what  is  C2X\q6.  Barbadoes  tar,  and  from  which  may  be  colle(3ted, ; 
by  one  man,  feveral  gallons  in  a  day.  The  troops,  in  march- 
ing that  way,  halted  at  the  fpring,  colleded  the  oil,  and  bathed 
their  joints  with  it.  This  gave  them  great  relief,  and  freed 
them  immediately  from  the  rheumatic  complaints  with  which 
many  of  them  were  affected.  The  troops  drank  freely  of  the 
waters  :^— they  operated  as  a  gentle  purge. 

There  is  another  fpring  in  the  weftern  parts  of  Virginia,  a3  = 
extraordinary  in  its  kind  as  the  one  juft  mentioned,  called  the 
Burning- Spring,  It  ^ was  known  a  long  time  to 'the  hunters. 
They  frequently  encamped  by  it  for  the  fake  of  obtaining  good 
water.  Some  of  them  arrived  late  one  night,  and,  after  making 
arfire,  they  took  a  brand  to  light  them  to  the  fpring.  On  their 
coming  to  it,  fome  iire  dropped  from  the  brand,  and,  in  an  in- 
llant  the  water  v/as  in  a  flame,  and  fo  continued,  over  which 
they  could  roaft  their  meat  as  foon  as  by  the  greateft  fire.  It 
was  left  in  this  fituation,  and  continued  burning  for  three 
months  without  intermifTion.     The  lire  was  extingwifhed  by 
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'excluding  the  air  from  it,  or  fmothcring  it.  The  water  taken 
from  it  into  a  veffel  will  not  burn.  This  fhews,  that  the  fire 
is  occafioned  by  nothing  more  than  a  vapour  that  afcends  from 
the  waters. 

There  are  two  fprings  high  up  on  the  Powfomack  ;  one  of 
which  has  about  the  fime  degree  of  heat  as  blood  running  from 
the  veins.  It  is  much  frequented  by  people  who  have  loft  their 
health.  The  waters  are  drank  with  freedom,  and  alfb  ferve  as 
a-hot  bath,  by  which  much  good  has  been  experienced.  The 
other  fpring,  iHuing  from  the  fame  mountain,  a  little  further 
\ip,  is  as  remarkable  for  its  coldnefs,  as  the  other  for  its  heat, 
and  differs  from  cammon  fprings  in  as  iriany  degrees. 

■  Thefe  accounts  I  have  from  the  heft  authority.  General 
WafiingtoUy  frosii  v/hom  I  had  my  information,  as  well  as  from 
others,  owns  the  land  around  the  Burnmg- Spring,  which  he 
bought  for  the  fake  of  it. 

The  accounts  of  the  other  fprings  I  received  from  a  gentle- 
!man  of  undoubted  veracity,  and  of  great  obfervation,  who  lately 
vifited  them.  He  commanded  the  troops  who  experienced  the 
benefit  of  the  Oil-Spring,  He  mentioned  to  me  another  fpring 
in  the  fouth-weflerly  part  of  Virginia ,  which  he  had  not  feen, 
but  of  which  he  had  received  a  particular  account  from  gentle- 
men of  character.  It  is  called  the  Sweet-Sp7-ing,  from  the  fweet- 
nefs  of  the  waters,  which  have  been  found  efficacious  in  many 
diforders,  and  have  given  relief  when  every  other  attempt  has 
proved  ineffe6tual. 

To  thefe  I  may  add  the  great  number  of  fait  fprings  in  Ameri- 
ca,  efpecially  on  the  Ohio,  and  the  rivers  which  empty  into  it. 
There  is  one  fpring  on  the  MiJJiffippi,  from  which  fait  is  made 
fufiicient  to  fupply  the  whole  Ilinois  country  with  that  article. 


Mr,  Be  L  KN  A  p's  Account  of  a  fojfil  Subftarice,         377 

XVII.  An  Account  of  large  ^antities  of  a  fofjil  Subjlance^ 
containing  Vitriol  and  Sulphur ^  found  at  Lebanon,  in  the 
State  of  New-Hampfhirc,  accompanying  a  Specimen,  In  a 
Letter  from  the  Reverend  Jeremy  Belknap,  F.  A,  A^ 
and  Member  of  the  Philofophical  Society  at  Philadelphia,  to 
Samuel  Williams,  L.L.D.  F.A.A,  and  Hollis  Fro^ 
fejfor  of  Mathematics  and  Fkilofophy  in  the  Univerfty  at 
Cambridge. 

Dover y  September  28,   1780. 
SIR, 

HEREWITH  I  fend  you  a  fpecimen  of  a  flone,  which, 
by  the  efflorefcence  upon  it,  you  will  fee  to  be  rich  ia 
vitriol,  and  by  the  fmell,  you  will  perceive  to  contain  a  great 
proportion  of  fulphur.  It  was  taken  out  of  the  cellar-wall  of 
an  houfe  at  Lebafion,  in  the  county  of  Tork,  where  it  had  been 
placed  for  about  fifteen  years.  The  fame  kind  of  ftone  is  found 
in  vail  quantities,  for  a  confiderable  diflance  round  the  fpot. 
The  neighbouring  people  ufe  it  for  dyes,  and  for  blacking  lea- 
ther, with  as  much  fuccefs  as  the  heft  imported  copperas.  As 
there  is  plenty  of  wood  and  water  there,  I  think  a  manufactory 
might  be  eftabliflied  to  great  advantage.  You  will  judge  whe- 
ther this  hint  is  worth  communicating  to  your  newly  eftablifh- 
ed  Society. 

I  am.  Sir, 

Your  friend  and  humble  fervant, 
JEREMY    BELKNAP, 

Z  z 
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XVIII.  An  Account  of  yellow  and  red  Pigment,  found  at  Nor- 
ton, with  the  Procefs  for  preparing  the  Yellow  for  Vfe  ;  ac- 
companied with  Specimjns,     In  a  Letter  from  the  Keverend 
Samuel  Deane,  F.A.  A.  to  Mr..  Caleb  Gan:;ett,, 
Pec.  Sec.  A.  A. 

Falmouth,  May  30,    1782;- 
SIR, 

N  feveral  pkces  in  Norton,  in  the  county  of  Brijhl,  in  th& 
MaJfachifettSy  has  been  found  a  foiiil,  near  the  furface  of 
the  earth,  mixed  with  fand  and  fmall  pieces  of  iron  ore,  from 
which  is  extracted  two  kinds  of  fabftances  ufeful.in  p:iinting,, 
^'iz..   yellow  and  red. 

To  make  the  yellow,  the  procefs  is  as  follows  :  They  mount 
stub,    or  vat,    on  blocks   two  feet  high,  and  put  into  it  one 
third  part  as  much  of  the  earth  as  will  fill  it  :  then  fill  it  up, . 
alm.oft  to  the  brim,   with  water.     After  this,  with  hoes,  they 
bruife  it,  and  flir  it  about  till  it  is  diflblved  and  well  mixed  with 
the  water.     The  find,  gravel  and  iron  ore,   in  about  the  fpace 
of  a  minute,,  will  fink  to  the  bottom  ;  at  which  time  they  draw 
off  the  water,  Vv'ith  the  pigment  floating  in    it,  letting  it  fall 
through  a  common- bread-fieve,  into  a  vat,  or  tub,  ilanding  on 
the  ground.     When  the  paint  is  alHunk   to  the  bottom,  the 
water  is  taken  off  through  holes  in  the  fides,  and  the  paint  dried 
well  in  the  open  air  and  funihine,  on  a  floor  made  tight  and  fur- 
rounded' v/ith  a  border,  to  prevent  its  running  off.     Being  tho- 
roughly dried,  it  is  fit  for  grinding  by  the  painter,  making  a. 
greeniih  yellow  colour.     And  I  am  told,  a  little  black  paint 
mked  with  it,  renders  it  ^  beautiful  olive  colour. 

The 
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The  yellow  paint,  being  dried  as  above,  and  then  brought  tO 
a  red  heat,  in  a  kettle  over  a  hot  lire,  becomes  a  red  paint  xe- 
fembling  Spanifj-hrown,  but  of  a  finer  and  brighter  colour. 
It  is  ufed  by  painters  inftead  of  Spani/h -brown.  They  ufe  it  for 
out-door  work  ;  and  time  will  foon  difcover  whether  it  will  not 
be  equally  durable.  The  manufadurers  fell  it  for  about  three 
pence  a  pound,  which  is  cheap  ;  and  it  bids  fair  to  be  of  great 
fervice  to  the  public. 

In  the  fame  town  is  found  a  white  fblTil,  out  of  which  is 
made  a  paint  refembling  Spamfi -whiter  or  whiting.  But  con- 
cerning this  I  have  not  been  able  to  gain  much  information. 

I  have  left  famples  of  the  yellow  and  red  with  the  Keeper  o^F 
the  Cabinet  :  and  if  you  think  fit,  you  may  communicate  this  to 
-the  Academy  at  their  next  meeting. 
I  am.   Sir, 

Your  moH:  humble  fervant, 

S  A  Ivl  U  E  L    DEAN  E. 

Mr.  Gannett. 

P.  S.  Since  writing  the  above  I  find,  that  this  paint  has 
ftood  the  weather  well,  in  feveral  inftances,  for  three  or  four 
years  ;  and  bids  fair  to  prove  durable  :  and  that  the  red^  in  its 
prefent  flate,  is  fold  at  fifteen  fhillings  per  hundred  weight ; 
which  is  cheaper  than  can  be  obtained  from  Europe. 

Z  z  2 
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XIX.  An  Account  of  an  Oil-Stone  found  at  Salifbury.  In  a 
Letter  from  the  Reverend  Samuel  Webster,  to  Mr. 
Caleb  Gannett,  Rec,  Sec.  A.  A, 

Salijhury,  January  24,    1783. 
SIR, 

IH  A  V  E  found  what  the  goldfmiths  ufe,  and  call  an  oil- 
ftone,  equal,  if  not  fuperior,  to  thofe  imported  from  'Turkey. 
» — But  as  it  was  fo  fmall  as  only  to  make  two,  one  for  each  of 
my  fons,  who  are  goldfmiths,  it  is  not  in  my  power  to  fend 
you  a  famplc.  It  is  extrem^ely  hard,  and  fomewhat  brittle  -,  fo 
that  I  eafily  broke  it  into  two  pieces.  When  it  is  ground  it  is 
exceedingly  fmooth,  and  ferves  to  fmcoth  their  engraving  tools. 
I  found  it  in  my  field  by  accident,  and  was  excited,  from  its 
uncommon  appearance,  to  take  it  up,  not  knowing,  at  that 
time,  Avhat  it  was.  It  is  fomewhat  curdled  with  light  and  dark 
brown,  or,  when  ground,  it  approaches  to  a  light  chocolate 
colour,  fomewhat  clouded.  Before  it  was  ground  fome  com- 
pared it  to  Caftile  foap.  I  have  made  confiderable  fearch  for 
moi-e,  but  v/ithout  fuccefs.  I  doubt  not,  however,  that  we 
.have  them  in  the  country,  perhaps  in  plenty.  I  found  this  in 
moift  ground.  Thefe  ftones  are  neceifary  for  all  thofe  who 
make  ufe  of  engraving  tools,  and  are  now  very  fcarce  and  dear. 
I  fend  you  a  piece  of  marble  found  near  the  mouth  of  aSV. 
fohns-Rher,  inNova-Scotia,  It  is  found  of  various  colours, — 
white,  bluifli  and  veined.  lalfo  fend  you  a  fample  of  fait,  made 
from  a  filt-fpring  in  the  Seneca  country,  on  Mohawk-River  : 
and  a  fample  of  cloth,  coloured  black  with  fumach-berries  alone^ 
v/ithout  copperas.  lam,  &c. 

SAMUEL    WEBSTER. 
Mv,  Caleb  Gannett, 
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XX.  Obfervations  on  the  Culture  of  Smyrna  TVheat,  In  a 
Letter  from  Benjamin  Gale,  F.  A.  A,  Member  of  the 
Philofophical  Society  at  Philadelphia,  and  Fellow  of  the  Royal 
Society  in  London,  to  his  Excellency  James  Bowdoin, 
L.  I/.  D,  Pref  A.  A, 

Killingpworthy  25th  Augufl:,   1783* 
SIR, 

I  SEND  you  a  few  h^ads  of  the  true  Smyrna  wheat,  a  fpecies 
of  that  grain,  which  I  apprehend  is  the  beil  adapted  for  the 
horfe-keeping  hufbandry,  believing  it  will  anfwer  for  tillage 
equal  to  our  Indian  corn.  Dr.  Elliot  made  various  attempts  to 
procure  it,  without  fucceeding.  This  happens  to  be  much  blaft- 
ed,  owing  partly  to  the  feafon,  and  in  part  to  being  late  fowed,  viz. 
late  in  September,  after  the  rains  came  on,  at  the  end  of  a  long 
drought  ',  and  being  fowed  in  my  garden,  contiguous  to  fome 
barberry-bufhes  ;  to  all  which,  by  leaving  open  my  gate,  my 
fheep  got  in  during  the  winter,  the  ground  not  being  covered 
with  fnow,  ate  it  off  even  with  the  ground. — But  am  of  the 
opinion,  from  the  flrength  of  the  Mk,  a  fpecimen  of  which 
I  alfo  fend  you,  a  part  of  the  fecond  joint,  diverted  of  the  leaf 
which  covers  it,  and  alfo  the  upper  joint  v/hich  fupports  the 
ear,  which  is  folid,  it  appears  better  able  to  fapport  the  heads, 
and  will  not  be  fubjedl  to  a  rupture  of  the  veffels,  which  is 
often  the  cafe  in  a  blafling  feafon  5  and  from  its  being  about  ten 
days  earlier  than  common  wheat,  puts  it  ftill  further  more  out 
of  the  danger  of  the  blail.  Thofe  ears  which  have  but  one 
head,  I  apprehend,  from  the  fimilarity  of  the  leaf  and  flialk,  are 
of  the  fame  fpecies  with  thofe  which  have  more  heads  :  one  of 
which   has    four  ears  of  a   fide,   fpringing   out   of  the   main 

ear^ 
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ear,  which  I  apprehend  owing  to  having  more  room,  more 
culture,  and,  perhaps,  the  earth,  contiguous  to  the  roots,  richer. 
The  method  of  culture,  if  you  are  not  acquainted  with  'Tuil's 
tillage,  is,  to  make  a  fmall  ridge,  in  form  of  a  bed  for  peas,  on 
which  make  two  rows,  at  about  ten  inches  diilant,  and  the  feeds 
planted  at  about  half  an  inch  diflance  in  the  rows,  which  muft 
be  hoed,  and  kept  clean  from  grafs  or  weeds.  Should  you  not 
have  a  curiofity  yourfelf,  in  this  way,  you  may  perhaps  oblige 
fome  of  your  friends,  who  may  be  in  the  farming  way.  It 
would  be  well  to  put  the  feed  into  the  ground  foon. 
I  have  the  honour  to  be.  Sir,  &c. 

BENJAMIN    GALE. 
'Honourable  James  Bowdoin,  Efquire, 


#•  ^  ^  ^  ^  -J^ 
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XXI.  An  Account  of  an  Experimetit  for  rdijing  Indian  Corrr 
in  poor  Land.  In  a  Letter  from  Joseph  Greenleaf'^ 
"Efq-y  to  the  Reverend  John  Clark,  F.  A.  A. 

Bojion,  May  26,   1785. 
S  I  R, 

WHILE  I  refided  in  the  country,  I  found  it  was  the- 
opinion  of  the  farmers,  that  whoever  raifed  Indian  corn 
paid  more  for  it,  in  labour,  than  it  was  worth  :  that  the  land 
muft  be  ftrong,  highly  manured,  well  plowed  and  hoed,  or  it 
would  not  produce  a  crop  half  equal  in  value  to  the  expence 
beftowed  upon  it  :  that  the  land,  in  a  very  few  years,  would 
be  worn  out,  and  mufl  lie  ufelefs  a  number  of  years  after- 
wards to  recover  its  fertility. 

To  convince  them  of  their  error,  I  purchafed,  of  one  of  my 
neighbours,  a  piece  of  land  which  he  affirmed  was  worn  out, 
and  unfit  to  produce,  any  crop  of  any  kind.  The  land  was  dry, 
.and  not  a  ftone  in  it  3  the  foil  Vv^as  very  light  and  ihallov/,  in- 
clining to  fand.  The  ground  was  over -run  with  briars  and 
weeds,  called  St.  fohns-^ioxti  with  here  and  there  a  fpire  of 
coarfe  wild  grafs.. 

Upon  this  piece  of  ground  I  made  the  follov/ing  experiment. 
In  the  firil  place  I  procured  a  plough,  made  under  my  own  di- 
rection, with  a  fliarp  coulter,  and  a  fliare  about  a  fourth  part  of 
the  fize  and  weight  of  common  plough-fliares  ;  and  with  a  fur- 
row-board,, on  a  new  conflrudlion,  that  followed  the  coulter 
edge-vv^ife,  turning  the  furrow  over  in  rather  a  fpiral  form.  With 
this  plough,  which  required  only  the  flrength  of  a  fmgle  horfe, 
a  furrow  was  ploughed  through  the  v/hole  length  of  my,  field, 

and 
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and,  returning  v/ith  the  plough  on  the  fide  next  to  which  the 
furrow  was  turned,  threw  up  another  farrow  againil  the  firfV. 
At  four  feet  diftance  from  this  another  double  furrow  was  ploug- 
ed,  in  the  fame  manner  ;  and  fo  on,  leaving  a  fpace  of  four 
feet  between  the  double  furrows,  through  the  whole  field. 
Upon  thefe  double  furrows  potatoes  were  planted,  leaving  the 
fpace  of  four  feet  between  each  hill.  This  field  contained  two 
acres  and  an  half,  and  was  about  forty  rods  in  length.  It  was 
ploughed  and  planted,  in  one  day,  with  one  horfe  and  two  boys. 
When  the  potatoes  came  up  and  wanted  tending,  the  fame  boys, 
with  the  fame  horfe  and  plough,  turned  another  furrow  of  the 
unploughed  ground  towards  the  potatoes,  on  each  fide,  and 
dreiled  them  with  their  hoes  :  this  they  alfo  performed  in  one 
day.  At  half-hilling,  it  was  repeated,  and  the  whole  field  be- 
came ploughed.  At  hilling,  the  field  was  crofs-ploughed,  the 
earth  throv/n  tov/ards  the  crop  each  way,  and  drefled  with  the 
hoe.  By  this  mode,  two  acres  and  an  half  was  compleatly 
tilled  in  four  days,  with  the  labour  of  only  tv/o  boys  and  one 
horfe  j  which,  in  the  common  way  of  managing  ground,  would 
have  required  ten  days  labour  of  one  man,  one  boy,  and  two 

horfes. 

The  next  fpring  I  ploughed,  between  every  two  rows  of  the 
old  potatoe-hills,  two  furrows,  which  were  thrown  one  againfi: 
~  the  other,  and  planted  my  corn  upon  them,  without  any  manure. 
The  ploughing  and  planting  was  performed  by  the  fame  horfe, 
plough  and  boys,  in  one  day.  My  corn  was  hu (banded  in  the 
fame  manner  my  potatoes  were  the  year  before.  A  field  on  the 
other  fide  of  the  fence,  much  of  the  defcription  and  fize  of  mine, 
was  two  days  and  an  half  in  ploughing  and  planting,  with  one 
^an.,  a  boy,  two  horfes,  and  a  common  plough.     This  field, 

was 
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was  planted  on  the  fame  day  with  mine,  and  was'  well  dunged*_^ 
My  corn  made  its  appearance  about  two  days  before  my  neigh- 
bour's, ripened  more  than  a  fortnight  earher,  and  I  had  the 
largefl  crop. 

I  continued  to  plant  corn  in  the  fame  land,  between  the 
old  hills  as  before -mentioned,  for  three  years  fucceflively,  with- 
out carrying  on  any  manure, — the  crops  increafing  about  two 
bufhels  every  year.  My  removing  to  Bqflon  prevented  my  re- 
peating the  experiment.  You  will  join  with  me  in  lamenting 
the  lofs  to  the  public  of  thoufands  of  acres  of  land  that  lie  ufe- 
icfs  in  this  commonwealth,  from  a  miflaken  notion  that  fuch 
land  is  worn  out,  and  not  capable  of  producing  a  crop  fufficieni 
to  pay  even  for  the  feed  that  is  planted. 
I  am,  &c. 

JOSEPH    GREENLEAI- 
The  Reverend  Jo/jn  Clarke^ 

A  a  a 
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KXir.     An  Account  ofajingular  Apfle-'treey  producing  Fti.itt^ 

of  oppafite  ^alkies  ^  a  Part  of  the  fame  Apple  being  frequent  •- 

'-  iy  Jour,  att-d  tM  other  fweet.     In  a  Letter  from  the  Reverend 

Peter  M^HiTNEY,  to  the  Reverend  Joseph  Willard., 

F,  Pref,  A*  A\  and  Prefidmt  of  the  Univerfty  in  Cambridge  ^ 


Northboroughy  July  15,   17820 
Reverend  Sir, 


THERE  is  now  growing  iri  art  orchard,  lately  belonging 
to  my  honoured  father,  the  Reverend  Aaron  Whitney^ 
of  Peter/hham-f  dtceafed,  an  apple-tree,  very  lingular  with  re« 
fpe<fl  to  its  fruitc     Th^  apples  are  fair,  and,  when  fully  ripe^ 
of  a  yellow  colour,  but,  evidently,  of  different  tafbes— four  ancf' 
fweet.     The  part  v/hich  i«  four  is  not  very  tart,  nor  the  other 
very'  fweet.     T*wo  apples  grooving  fide  by  fide,  on  the  fame 
limb,  will  be  often  of  thefe  different  tafles,  the  one  all  four,  and' 
the  other  all  fweet.     And,  which  is  more  remarkable,  the  fame 
apple  will  frequently  be  four  on  one  fide,  end,  or  part,  and  the 
other  fweet,    and  that  not  in  any  order  or  uniformity  ;  nor  is 
there  any  difference  in  the  appearance  of  the  one  part  from  the 
otiier.     And  as   to  the  quantity,  {oPAt  have  more  of  the  acid 
and  lefs  of  the  fweet,  and  fo  vice  verfa.     Neither  are  the  ap- 
ples fo    different   in  their   tafles,   peculiar   to  any  particular 
branches,  but  are  found,  promifcuoufly,  on  every  branch  of 
the  tree.     The  tree  ftands  almoft  in  the  midd:  of  a  large  or- 
chard, in  a   rich  and  flrong  foil,  and  was  tranfpianted  there 
about  forty  years  ago.     There  is  no  appearance  of  the  trunk  or 
any  of  the  branches  having  been   ingrafted   or   inoculated.     It 
was  a  number  of  years,  after  it  had  born  fruity  before  thefe  dif- 
ferent 
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ferent  taftes  were  noticed  ;  but  fince  they  were  firil  difcovered, 
^vhich  is  about  twenty  years,  there  has  been  conflantly  the 
fame  variety  in  the  apples. 

For  the  truth  of  what  I  have  alTerted,  I  can  appeal  to  many 
perfons  of  diftindiion,  and  of  nice  tailes,  who  have  travelled  a 
great  diftance  to  view  the  tree,  and  tafte  the  fruit ;  but  to  invef- 
tigate  the  caufc  of  an  effedl  fo  much  out  of  the  common  courfe 
of  nature,  mull,  I  think,  be  attended  with  difficulty.  The  on- 
ly folution  I  can  conceive  is,  that  the  corcula,  or  hearts  of  two 
feeds,  the  one  from  a  four,  the  other  from  a  fweeC  apple,  might 
fo  incorporate,  in  the  ground,  as  to  produce  but  one  plant  :  or 
that  farina,  from  blolToms  of  thofe  oppofite  qualities,  might 
pafs  into,  and  impregnate  the  fame  feed.  If  you  fliould  think 
the  account  I  have  given  you,  of  this  fmgular  apple-tree,  will 
he  acceptable  to  the  American  Academy,  pleafe  to  communi* 
cate  it, 

I  am,  &c. 

PETER    WHITNEY. 

Reverend  Frefident  Willard. 

A  a  a  2 
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38$  General  Lincoln's  Obfermthns 

XXIII.    A  Letter  from  the  Hojiourable  Ben  j  am  i  nLincoln". 

Efq-y   F.  A.  A.  to  the  Honourable  ^k^m^^  Warren,  Efq- 

F.  A.  A,  relating  to  the  ingrafting  of  Frtiit-Trees,  and  the 

Growth   of  Vegetables  j    inclpfrng   the    Obfen^atigns  of  his 

,  Friend  on  the  Growth  of  Threes  downward  after  the  firft  Tear. 

■  Ilingham,  November  3,   1780, 
My  dear  S1R5 

I  TAKE  this  early  opportanity,  agreeable  to  my  promifes 
to  enclofe  you  the  fentiments  of  my  friend  on  graftingj 
the  growth  of  plants,  trees,  6cc.  Tliefe  were  given  on  a  conver- 
iation  which  arofe  on  my  mentioning,  that  I  had  obferved,  for 
a  number  of  years,  an  apple-tree  in  my  orchard,  the  natural 
fruit  of  which  was,  early,  having  been  grafted  with  a  winter 
cyon,  producing  fruit  very  like  in  appearance  to  the  fruit  pro- 
duced by  the  tree  whence  the  cyon  was  taken,  but  deflitute  of 
thole  qualities  inherent  in  that  fruit,  and  neceilary  to  its  keep- 
ing through  the  winter.  This  led  me  to  call  in  queflion  the 
propriety  of  grafting  winter  fruit  on  a  fummer  flock,  and  to 
enquire,  whether  the  ilock  through  which,  I  fuppofed,  the 
food  palled  to  the  cyon,  and  by  which  it  was  fitted  properly  to 
nourifli  the  helplefs  and  newly  adopted  branch,  would  not  ra- 
ther affimulate  that,  than  that  the  cyon  could,  thus  fed,  retain 
ail  the  qualities  of  its  parent  ftocko 

I  am  fenfible  that  there  are  objedions  to  this  new  fyftem  i 
and,  perhaps,  diihculties  may  be  raifed  to  it,  which  cannot  be 
obviated. — But,  as  this  may  arife  either  from  the  erroneoufnefs 
of  the  dodrine  itfelf,  or  from  the  v/ant  of  knowledge  in  the 
principles  of  vegetation,  I  think  it  iI:iould  not  be  adopted  or 

rejed:ed 
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rejeded  without  the  fulleft  enquiry  5  and  efpecially,  fmce  a  know- 
ledge of  the  laws  of  vegetation  is  one  of  the  mofl  intereiling  mat- 
ters which  can  be  the  fubje(ft  of  difcuffion  :  for  on  vegetation 
depends  our  being  3  and  in  the  fame  proportion  as  we  obtain  a 
knowledge  thereof,  and  pradifc  on  that  knowledge,  in  that 
proportion  is  our  well-being  promoted.  That  cultivation  pro- 
motes vegetation,  I  think,  none  will  deny  :  for  furely  the  earth, 
fpontaneouHy,  gives  us  but  a  bare  fabfiftence.  The  reafons  af- 
iigned,  why  the  earth  did  not  more  early  bear  fruit,  were,  be- 
caufe  there  was  no  rain  on  the  earth,  and  becaufe  there  was  no 
man  to  till  the  ground. — The  necefTity  of  which  feems  to  have 
produced  one  of  the  iirft  decrees  from  heaven  to  man,  even  while 
he  was  in  Eden,  furrounded  with  all  the  bleffinHS  thereof, 
that  he  fhould  drefs  the  garden.  Whether  tilling  and  dreffing 
the  earth  fo  prepares  its  parts  that  they  became  proper  food  for  the 
plant,  and  thereby  promote  vegetation  3 — whether,  by  tilling  and 
dreffing,  the  land  is  fitted  properly  to  receive  the  rays  of  the 
fun,  and  to  receive  and  retain  a  fuitable  quantity  of  water,  with 
which  food  for  the  plant  is  fuppofed,  by  fome,  to  fall  ; — or 
whether,  by  tilling  and  dreffiag,  the  larid  does  really  partake 
of  more  particles  neceflary  to  vegetation,  and  fo  attrads  like 
particles  floating  in  the  air,  as  fimilar  bodies  attrad  each  other, 
ancl  fo  light  on,  and  feed  the  plant  in  their  fall,  or  do  reil  on 
the  earth,  are  abforbed  by  the  roots,  and  thence  conveyed  thro* 
the  whole  plant,  are  queftions  which  can,  I  think,  be  deter- 
mined with  more  eafe  and  greater  certainty  ^vhen  the  principles 
of  vegetation  are  fully  afcertained. 

Pleafe  to  favour  m^e  with  the  refult  of  your  enquiries  on  thefe 
matters,  and  it  will  much  obHge  him  who  has  the  hojiour  t<a 
^^'  ^^^*  B.    LINCOLN. 

.•  Hon.  Gea.  ^,7rr^;?..  THl^ 


^go  Ohfervai'io'ns  on  the  Growth  of  Trees 

THE  idea  has  univcrfally  obtained,  that  'Trees  grew  from 
the  root  upwards.  But  perhaps  it  may  appear  probable,  from 
the  following  confiderations,  that  Trees,  from  the  frji  year^ 
gro'K^  from  the  top  downwards.. 

The  growth  of  annual  plants  feems  to  be  the  mere  expands, 
ing  of  the  parts  contained  in  the  feed,  or  bulb,  which  is  a  more 
perfect  and  full  grown  feed,  differing  but  little  from  what  is 
commonly  called  feed.  Of  this,  the  bulb  of  a  tulip  is  thebefl: 
example,  as  the  parts  are  vifible  without  the  help  of  glaffes. 
Upon  removing  the  feveral  coats  of  the  bulb^  each  of  wdiicl> 
are  the  fupport  of  a  leaf,  in  the  center  of  it,  a  large  flower. 
Bear  half  an  inch  in  length,  will  be  found,  and,  in  thicknefs, 
as  large  as  a  rye-ftraw  ;  in  which  the  petals,  ftile,  filaments 
and  buttons  are  fully  formed,,  and  perfect  in  every  relpedl  but 
fize  and  colour.  The  lower  leaf  of  the  plant,  which,  within 
the  bulb,  covers  all  the  reft,  fwells  and  expands  firft  :  then  the 
next  above  fwells  and  expands  ;  and  fo  on,  until  the  whole  are 
expanded  :  after  which,  the  ftalk  rifes,  the  flower  fwells  and 
opens,  and  its  beautiful  colours  are  feparated  and  exhibited  to 
the  eye.  In  this  growth  the  bulb  is  entirely  wafted,  except 
only  the  fine  fkin  that  covered  each  fquamina,  which  remains 
much  thinner  than  white  paper.  In  the  center  of  the  bulb, 
below  the  leaves  and  adhering  to  the  ftalk,  may  be  feen  a  very 
fmall  bulb,  much  lefs  than  the  feeds  of  the  plant.  This  bulb 
is,  however,  increafed  with  the  growth  of  the  leaves,  until  it 
becomes  of  the  fize  of  the  parent  bulb  :  and  when  the  ftalk, 
the  leaves  and  fibrous  roots  decay  and  dry  up,  this  new  bulb 
remains,  in  the  place  of  the  old  one,  capable  of  a  like  growth 
0ie  next  year* 
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The  firfl  year's  growth  of  a  tree,  like  that  of  plants,  is  the 
mere  expanfion  of  the  parts  contained  within  the  feed,  fo  far 
as  thofe  parts  are  fitted  for  growth  ;  and  being  expanded,  the 
wood  formed  has  no  further  growth,  in  any  direction,  but  re- 
mains of  the  fame  fize  until  it  decays.  Each  leaf  which  grows 
on  tlie  firft  year's  flioot,  as  well  as  tliofe  of  fucceeding  years, 
has  annexed  to  it,  immediately  above  its  ftem,  an  embryo  bud, 
which  i^  nouriflied  and  fitted  to  grow  the  following  year,  and 
to  become  a  branch  of  the  future  tree.  The  leaf  having  per- 
formed its  maternal  duty,  falls  to  the  ground,  and  manures  the 
tree  from  whence  it  fell. 

The  wood  of  thele  faplings  of  a  year,  is  uniformly  of  one 
texture  ;  but  the  wood  of  the  next  year  is  feparated  from  it  by  a 
circular  line,  which  remains  as  long  as  the  wood  lalis.     Every 
fucceeding  year  is  diftinguifhed  in  the  fame  manner  ;  fo  that  by 
cutting  the  tree  on  one  fide,  from  the  circumference  to  the  cen- 
ter, and  counting  thofe  circles,  you  may  afcertain  its  age. 
And  one  of  the  main  queftions,  arilmg  in  the  coniideration  of 
this  fubiedl,  is,  how  are  thefe  annual  additional  circles  of  wood 
formed  ?     Are   they  formed   by  the  filling  and  expanding  of 
fibres,  which,  too  fmall  for  the  obfervation   of  our  fenfes,  lie 
between  the  bark  and  the  tree  ?  or  are  they  new  fibres  rtiooting 
either  from  below  or  from  above  ?     It  appears,  by  examining 
the  wounds  of  trees,   that  the  wood  being  once  feparated  never 
heals  up  and  grows  together. — The  new  wood  grows  over,  and 
covers  the  wound  3  but  the  feparated  vefiels  never  unite  again  : 
therefore,  if  the  edge  of  a  knife  be  pafied  tranfverfely  thro'  the 
bark  half  round  a  fapling,  and  thofe  fuppofed  extreme  fine  veffels 
were  cut  off,  that  fide  of  the  tree  ought  to  ceafe  growing,  and 
the  buds  above  it  perifh.    But  the  fad  is  otherwife  :  for.  cover 

tha' 
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the  wound  fo  as  the  air  may  be  prevented  from  carrying  ofF  the 
moifture,  which,  when  uncovered,  flows  from  the  wound,  the 
buds  above  will  grow  nearly  as  well  as  if  the  wound  was  not 
made.  To  fuppofe  that  new  veflels,  formed  at  the  root,  afcend, 
and  feeking  the  buds,  by  paffing  round  the  incifion,  im- 
mediately find  them,  is  too  ludicrous  an  obje(5tion  to  be  feri- 
oufly  noticed.  Let  us,  then,  confider  the  buds  which  are 
formed  in  the  bofom  of  every  leaf. 

Oneef  thofe  buds,  rended  from  its  parent  plant,  and  inferted 
in  the  bark  of  another  tree  of  the  fame  genius,  will  grow  as  well 
as  if  it  had  been  continued  v/here  nature  placed  it,  and  become 
a  compleat  tree.  Here,  at  leafl,  there  is  a  certainty,  that  there 
are  no  fibres  calculated  to  fupport  it,  yet  it  will  grow  ;  and  the 
whole  tree,  above  the  infertion  in  the  flock,  thus  fpringing 
from  a  foft^'-bud,  is  exadly  of  the  fame  nature  in  all  refpeds, 
and  produces  the  fame  fruit  as  the  tree  from  which  the  bud 
was  taken.  This  is  the  wonderful  circumftance,  which, 
though  often  attempted,  has  never  been  clearly  accounted  for. 
We  fhall  proceed  to  enquire,  then,  hov/  buds  inferted  in  fo- 
reign flocks  attain  their  growth. 

When  a  bud  is  bro't  into  contad:  with  the  flock,  and  the  bark 
of  the  flock  pafTed  round  and  upon  the  bark  laid  in  with  the  bud, 
jthe  fap  very  quickly  forms  a  gum,  which  glues  them  together, 

I   '^ops  the  mouths  of  thofe  vefTels  which  had  been  torn  by 
I-       ^\^   the  bark  and  bud  from  the  parent  tree.     Whoever 

.     ^  ^       *  n-    mufl  be  convinced,    that  the  bud,  thus  laid 

examines  the  fac    '       ,        ,i  i     n     i       u  ^ 

^-        ^her  adherence  to  the  flock  j  but  remains, 

in,  never  has  any  fur.       ^ .  ^^  ^^  feparated  from  it  by  difTolving 

during  xh^  life  of  it,  liable  ^/v^nce,  the  fize  and  fhape  of 

that  gum  ;  and,  fr^im  this  circntti,,  -^  be  plainly  difco-. 

.the  wood,  or  bark,  Jaid  ,:n  with  the  bud  n.  vered 
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vered  many  years  after  its  infertion.  Here  the  communication 
between  the  flock  and  the  bud  is  deftroyed  :  for,  if  the  fap 
penetrated  this  gum,  it  would  difTolve  it,  and  the  bud  would 
fall  oft  i  and  there  can  certainly  no  fibres  be  fent  from  the  root 
to  feed  a  bud,  which  nature  had  not  placed  there.  Nothing 
but  experiment  could  induce  a  belief,  that  a  bud,  thus  fituatcd, 
would  grow,  become  a  tree,  blolTom  and  bear  fruit.  Let  us 
fee  how  buds  grow  in  the  fituation  afTigned  them  by  nature. 

The  largenefs  of  the  bud,  and  the  freedom  with  which  it 
ihcots,  renders  the  peach-tree  a  proper  fubjed:  of  this  enquiry* 
Early  in  the  fpring,  when  the  bud  firfl  begins  to  fwell,  we  fhall. 
find  one  or  more  fibres  fhooting  from  it  downward.  Thefc 
fibres  are  fo  large,  belov/  Xn^  bud,  as  apparently  to  fwell  the 
bark,  and  on  removing  the  bark  the  fibres  may  be  plainly  i^^w 
by  the  naked  eye.  Whoever  carefully  examines  this  fad:,  will 
fcarcely  doubt  that  this  is  really  the  manner  in  which  buds  be- 
gin to  grow.  Inoculations  having  the  fame  power  'of  fending 
out  fibres  from  themfelvcs  as  buds,  in  their  natural  iituations, 
need  no  nourifhment  from  the  flock  on  which  they  are  fixed  ^ 
but  it  becomes' the  qiieflion,  from; whence  is  their  nouriflim.ent 
derived  ? 

,  ■  A  curious  yellow  carnation,  prefented  to  a  gentleman  at  Lan^ 
cajlery  in  the  year  i778,>.  being  tranfplanted  very  early  .in  the 
fpring,  and-: the  weather  proving, very, cold,  he  was  obliged  to 
take  it  into-  the  houfe,  and  keep  it  in  a  room  where  fire  was 
kept.  Notwithflanding  his  utmofl:  care  in  kecpln'g  the  earth 
well  watered,  the  plant  declined,  the  leaves  becamiC  foft,  and 
refted  on  the  €arth,..and  the  plant  fhewed  every  fympton  of  ap^ 
proachingi ; death.  In  this  fiate,-  having  bended  twigs  over  the 
|7pt,  he  wctra  thick  tow-cloth  and  threw  over  the  plant,  which 
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formed  a  moifl  atmofphere  round  it.  In  a  few  hours  the  feaVe^ 
became  eredt,  and  elaftic,  and  within  threedays  the  whole  plant 
aflumed  the  afped  of  perfect  health.  The  roots  had  a  full  fup- 
plyof  moifture,but  it  did  not  grow  ;  the  leaves  were  fupplied^ 
and  the  plant  inflantly  flouriflied. 

The  iirft  appearance  of  vegetation  among-  trees  here,-  is  the 
flowing  of  the  fap  in  the  fugar  maple.  This  begins  with  the 
frofty  mornings  in  the  month  of  February.  Thefe  hoar  frofls 
never  apppear  but  when  the  air  is  moift  j  and  it  is  invariably 
certain  that  the  fap  ceafes  to  flow  when  the  wind  is  at  north- 
weft  and  the  air  dry,  be  the  ftate  of  the  earth  as  to  moifture  or 
froft  as  it  m^y.  From  hence  it  appears,  that  the  fip  is  extracfl- 
€d  from  the  air  even  before  the  leaf  is  expanded,  and  not  from 
the  earth,  as  is  generally  fuppofed". 

The  next  appearance  of  vegetation,  is  the  fwelling  of  the 
bud  in  the  fcarlet  maple  ;  and  in  this,  as  in  all  other  trees,  it  is 
to  my  purpofe  to  obferve,  that  the  uppermoft  buds  always  fwell 
firft,  and  its  beautiful  blolToms  are  feen  earlieft  to  unfold  on  the 
topmoft  boughs.  This  cannot  depend  on  a  fap  derived  from 
the  root  3  for,  in  that  cafe,  the  lowermoft  fhould  have  unfold- 
ed firft. 

The  huft)andmen  of  New-Jerfey,  upon  thofe  lands  which 
do  not  produce  oak-timber  fufficient  for  fencing,  /have  the  bark 
from  the  pine  trees  in  the  latter  part  of  winter,  and  in  the  fpring, 
the  turpentine  running  down  over  that  part  of  the  tree  which 
has  been  barked,  fills  the  pores,  and  preferving  it  againft  the 
water,  renders  the  pine  a  very  durable  poft  for  fencing.  The 
turpentine,  as  I  conceive,  being  collected  from  the  air,  delcends 
from  the  top  of  the  tree.  This  pradice,  lately  introduced, 
deferves  attention,  not  only  as  an  argument  in  this  queftion,  but 
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m  an  important  leflbn  of  inftrudion  to  thofe  who  live  on  pine 
lands. 

The  experiments  made  on  fruit-trees,  by  extending  their 
brandies  into  green-houfes  wliile  the  roots  remain  in  the 
ground,  need  not  be  repeated.  They  are  better  known  than 
imderfbood  ;  and  can  only  be  accounted  for  by  fuppofmg  that 
their  nourifhment  is  derived  from  the  air.  Of  this  the  follow- 
ing experiment  may  be  a  proof. 

A  branch  of  the  maple  being  feparated  from  the  tree,  and 
4-he  lower -end  fealed,  placed  in  any  part  of  the  tree,  will  bloom 
as  foon  as  any  of  the  adjoining  branches  not  feparated  from  the 
-tree  will  do.  The  buds  of  trees,  deriving  their  nourifliment 
from  the  air,  fend  down  their  fibres  between  the  bark  of  the 
tree  and  the  former  year's  growth  of  wood,  and  lay  an  addition- 
al wood  over  the  former  growth.  It  is  upon  this  principle 
-alone,  that  the  growth  of  inoculations  can  be  accounted  for  ^ 
and  it  is  clear  and  plain,  that  every  bud  has  its  own  pith,  per- 
fe(5tly  diilincfl  fr©m  the  tree  it  is  attached  to,  and  has  alfo  in  it- 
>felf  every  other  part  of  a  tree. 

From  a  due  ceniideration  of  what  has  been  faid,  it  will  -ap-= 
^pear,  that  the  growth  of  annual  plants  is  the  expanding  of  the 
-parts  contained  within  their  feeds  as  bulbs,  a^nd  a  produd:ion  of 
other  feeds  and  bulbs,  perfed:ly  diftind:  and  unconnected  with 
the  former  j  but  that  the  growth  of  trees  after  the  firft  year  is 
the  expanding  of  buds,  adhering  to  the  former  growth,  and  the 
fitting  of  other  buds  for  future  growth  attached  to  the  tree,  as 
well  as  forming  of  feeds,  as  annual  plants  do, 
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XXIV,  An  Account  qfjome  of  the  'vegetable'  Trodii5iions^,  na^^ 
tur ally  growing  in  this  Fart  of  Auitncd.ybotamcally  arranged.. 
By  the  Rev.  Ma.nasseh  Cutler,  F.A.A,  and  M..  S^. 
and  Member  of  the.  Fhilofo^hical  S.Qckty  at  Pliikdelph^a. . 

IN"  an  Infant  country's  where  nafur^^'lils- -been  lifcerar  in  her 
produdiions,  and  internal  refources  are  greatly  wanted,  few 
objeds  can  be  of  greater  importance  than  natural,  hiftoryo.  Yet,, 
unhappily,  there  is  no  branch  of  ufeful  knowledge  we  have  fo 
little  cultivated.  The  cultivation  of  this  branch  of  fcience  will 
open  to  our  view  the  treafures  v/e  polTefs  unenjoyed' j  and  muft 
eventually  tend  to,  the  fecuri ty  and  v/elfare  of  our  citizens/  the 
extenlion  of  their  commerce^  and  the  improvement  of  thofe.  arts 
which  adorn  and  enibelli(h  life„ 

The  little  progrefs  we  have  made  in  exploring  the  foflil  king-- 
dom,  is  fafficient  to  convince  us^  that  the  bowels  of  the  coun- 
try are  well  jftored  with  minerals  and  other  ufeful  foffils  ;  which, 
are  capable  of  being  improved,  not  only  for  the  benefit  of  indi=- 
viduals,  but  as  national  advantages ^ 

We  have,  perhaps,  as  great  a  variety  of  indigenous  plants,  as 
any  country  produces,  in  a  limilar  climate.  But  a  great  part  of 
them  have  never  been  fo  far  noticed  as  to  receive  even  a  trivial 
name,,  Canada  and  the.  fouthern.  ftates,  befide  the  attention 
paid  to  their  produ<5lions  by  fome  of  their  own  inhabitants,  have 
been  vifited  by  eminent  botanifls  from  Europe.  But  a  great 
part  of  that  extenfive  tradt  of  country,  which  lies  between  them> 
including  feveral  degrees  of  latitude,  and  exceedingly  diverfi- 
iied  in  its  furface  and  foil,  feems  ftill  to  remain  unexplored. 

The  almoft  total  negle<fl  of  botanical  enquiries,  in  this  part 
of  the  country,  may  be  imputed,  in  part,  to  this^  that  Botany 
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has-nevtrheen  taught  many  of  cur  Colleges,  ^ndi  to  the  difficulties 
that  are  fuppofed  to  attend  it  3  but  principallv  to  the  miflaken 
opinion  of  its  inutiUty  in  common  life..    This  opinion  being  i^o 
eenerally  prevalent,  it  mav  be  necellary  to"  obfervc,  that,  tho'  all 
the  medical  properties  and  oeconomical'  ufes  of  plants  are  not 
difcoverable  from  thefe  charad:ers  by  which  they  are  fyflemati- 
cally  arranged ;  yet  the  celebrated  X/;2;^^z/j-  has  found,  that  the 
virtues  of  plants  may  be,  in  aeon  (iderable  degree,  and  moll  fafe- 
ly,.  determined  by  their  /^(^/'^^r^/ characters  :  for  plants  of  the 
£ime  natural  clafs  are  in   fome  meafure-  fimilar  j  thofe  of  the 
Ikme  natural  order  have  a  ftill  nearer  affinity  ^  and  thofe  of  the 
fame  genus  have  very,  feldom  been  found  to  differ  in  their  me- 
dical virtues..    Thus,  according  to  the  fexual  fyflem,  plants  of 
the  fecond  order  in  the  third  clafs  are  all  efculent,  affording  food . 
for  men,  beafts  or  birds  j  and  no  one  fpecies   of  all  thole  nume- 
rous genera  have  been  found  to  be  poifoncus.  The  ffarry  plants 
of    the    firft  order   in  the  fourth  clafs  are  chiefly     diuretic.. 
The  rough-leaved   plants  of  the  fifth  claf^  and  firft  order  are 
mucilaginous ;  but  thofe  of  a  dilagreeable  tafte  and  fraell,  moff- 
ly  berry-bearing  plants,  are  more  or  lefs  corrofive  and  poifon- 
ous..    The  umbeliiferoua  plants,  growing  in  dry  placeSj  arc 
aromatic  and  ftimulative,   but  in  wet  ground,  often  poiibnous. 
Plants  of  the  fixth  clafs  have  roots,  according  to  their  fmell  or 
taffe,.  either  efculent  or   poifonous.     The  plants  with  horned 
antherae  of  the  eighth  and  tenth  claffes  are  affringent,  and  their 
berries  acid  and  efculent.     All  the  pulpy  fruit  of  the  twelfth 
clafs  may  be  eaten  with  fafety.     Plants  of  the  thirteenth'  clafs 
are  chiefly  poifonous  :  but  thofe  of  the  firff  order  in  the  four- 
teenth are  odoriferous,   cephalic  and  refolvent  -,  and  none  of 
them  are  poifonous.     Nor  is  there  any  poilbnous  plant  belong-- 
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ing  to  the  fifteenth  clafs  :  tliey  are  generally  called  antifcorbu* 
tic.  Thofe  of  die  fixteenth,  with  many  filaments,  are  muci- 
laginous and  .emollient.  The  feventeenth  has  no  poifonous 
4)lant;  but  the  feeds,  which  are  food  for  men  and  other  ani- 
mals, are  farinaceous  and  flatulent.  Thofe  of  -the  nineteenth 
gre  chiefly  bitter ;  and  thofe  of  the  twenty- fourth  are.moflly 
'fufpe(5led  or  dangerous  plants. 

From  the  want  of  botanical  knowledge,  thegrollefl:.mifl:ake3 
4iave  been  made  in  the  application  of  the  Englijh  names  of  Eu- 
^7'opean  phntSy  to  thofe  of  America.  Many  of  our  moll:  com- 
-men  vegetables  are  geueraiiy  known,  and  fome  of  them  fr«- 
-quently  prefcribed  for  medical  purpofes,  by  the  names  of  plants 
-that  are  entirely  different,  belonging  toother  clafl^es,  and  poflTeff- 
-ed,  no  doubt,  of  different  properties.  Botanical  enquiries  will 
-enable  us  to  redify  thefe  miftakes,  and  to  diflinguiih  the  feve- 
-ral  fpecies  of  European  or  other ibreign  plants  from^thofe  that 
•are  peculiar  to  America. 

We  have  it,  aUb,  in  our- power,  from  the  recent  fettlement  of 
-ihe  country, -to.  determine,  with  great  certainty,  what  vegetable 
-produdlions  are  indigenous,  and  -prevent  thofe  doubts  and  dif- 
-putes  hei-eafter,  which  have  frequently  taken  place  among  bo- 
.i:aniff3  in  old  countries.  For  it  is  very  improbable  that  any 
xxotic  plants  are  become  fo  far  naturalized  ae  not  to  be-4iflin- 
.r^uiihahle  from  the  nati?/es. 

Was  the  theory  of  this  fcienee  united  with  its  pradicaiufes, 
u^nd  employed  in  procuring -the  neceffaries,  and  adding  to  the 
conveniences  and  ornaments  of -life,  ^the  vulgar  opinion  of  its 
■being  memly-fpoculative  would  be  r^emoved,  and  could  not  fail 
.of  engao-ing  a  more  gei>eral  attentien.  For  it  is  well  known 
;|liat  ihe  -ceconomical  ufes  of  the  vegetable  kingdom  are  exc-eed- 
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irigly  numerous ;  not  only  furmfliing  food  and  medicine;  for 
man  and  beafl,  materials  for  agriculture,  and  various  arts  and 
manufi\(5lures,  and  for  many  of  the  delight's  and  ornaments  of 
life ;  but  it  fupplics  important  articles  of  commerce,  and,  in 
fome  countrieSi  is  the  greateft  fource  of  internal  wealth  *  We 
are,  no  doubt,  yet  ignorant  of  many  produ(5tions  well  adapted 
to  moft,  or  all,   of  thofe  purpofes. 

The  native  Indians  were  acquainted  with  the  peculiar  proper-^ 
ties  of  certain  vegetable  productions,  which  if  thoroughly  un- 
derftood  by  the  prefent  inhabitants,  might  be  made  extenfively 
ufcful,  both  in  phyfic,  arts'  and  manufadtures,  and  new  branches 
of  commerce.     Their  materia  medlca  feem5  to  have  confifted  of 
few  articles  :  thefe  were  certain  plants,  powerful  in  their  operation, 
and  fometimes  producing  fudden  and  furpriflng  efFed:s  upon  the 
human  body.     Thefe  lavages  leem  to  have  had  better  ideas  of 
the  medical  virtues  of  plants,  than  fome  who  have  imagined  that 
vegetables,  fit  only  for  food,  were  the  moft  proper  for  medi- 
cine; and  that  combining  a  great  number  of  the  moft  com- 
mon plants,  might  be  a  remedy  for  aimoft  every  difeafe.  Vege- 
tables called  poifonous  are  capable  of  producing  great  and  fud- 
den alterations  in  the  human  body :  May  not  many  of  them  be 
found,  upon  acurate  and  well-judged  experiments,  like   fome 
chymical  poifonsy  to  be  the  beft  medicines  ?  The  Indians  hacf 
difcovered  effectual  antidotes  againfi:  the  venom  of  rattle-fnakes, 
which  mufl  have  been  adifcovery  of  great  importance  to  them, 
and  may,  pofTibly,  be  reckoned  among  their  greatell  improve- 
ments in  the  knowledge  of  medicine,     Mr.  Catejhy  mentions  a 
fa6l;,  which  he  fays  was  well  attefled,  of  an  Indian's   daubing^ 
himfelf  with  the  juice  of  the  purple  bindweed,  a  fpecies  of  the 
convolvulus,  and  then  handling  a  rattle-fnake  with  his  naked 
hands,  without  receiving  any  injury*  The  . 
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Thefe  natives  were,  likewife,  pofTefTed  of  the  art  of  dyeing 
deep  and  moil  permanent  black,  red  and  yellow  colours.  Thefc 
colours  were  given  to  bone,  horn,  porcupine  quills  and  other 
hard  fubflances,  which  ftill  appear,  unimpaired,  on  Tome  of  their 
ornaments  and  utenfils.  The  Spaniards  are  faid  to  have  procur- 
ed from  the  C alifor mm  Indhns,  .the  artof  dyeing  the. beil  black 
ever  yet  known.  The  plant  they  employ  in  this  dye  is  called 
the  cafcalote,  a  Hnall  ihrub,  which  abounds  in  that  country, 
and  may  probably  be  found  within  the  limits  of  the  United 
States. 

However  defirable  the  knowledge  of  our  vegetable  produc- 
tions may  be,  our  progrefs  mufl  be  flow,  until  men,  verfed  in 
this  fcience,  can  devote  their  time  to  the  inveftigation  of  them. 
-  Some  advances  may  be.  made  by  individuals  colleding  the  pro- 
du(5tions  of  their  own  neighbourhood,  and  tranfmitting  accounts 
of  them,  from  time  to  time,  to  the  Academy.  How  much  a 
correfpondence  of  this  kind  has.  done,  inperfeding  the  hifloij 
of  the  Britifb  plants,  will  appear  from  :the  .numerous  botanical 
papers  publiflied  in.the  tranfa(5iions,of.the  Royal  Society. 

As  there  has  never  been  a  delcription  given  of  the  indigenous 
plants  in  this  part  of  the  country,,  and  it  beingone  of  the  ends 
of  the  iniKtution  of  this  Academy  to  promote  the  knowledge 
of  natural  hiilory,    I  take  the  liberty  of  communicating  Q^n  ac- 
count of  fome  of  tbofo  vvliich  have  fallen  under  my  obfervation. 
They  are  arranged  according  to  the  Linn<^an  fyftem  ';  and  the 
generic  characters,  where  tliey  y/^re  found  to  correfppnd.are  re- 
ferred to  Lim^us*s  defcriptipn  in  the  fifth  edition  of  his  Gf7/^r/2 
Plant  arum  :  The  characters  Ol  the  fpecies, .  whej^e  there  was  an 
agreement,    arc   taken   from   the  tenth  edition  of  the  Syjlenm 
Natunr.     A  few  fynonyms.,frGm,otheij  authors  arc  given,,  and 
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more  might  have  been  added,  had  it  been  confiftent  with  the 
limits  of  the  paper.  Some  additional  defcription  of  moft  of 
them,  the  times  of  flowering  and  places  of  growth,  were  thought 
necelfary.  Thofe  plants  which  appear  not  to  agree  with  the  ef- 
fential  generic  characflers  of  any  known  genus,  areinferted  without 
any  generic  names,  but  the  natural  charadiers  of  the  fru(5lification 
-are  particularly  defcribed.  Such  as  appeared  doubtful  are  dif- 
tinguiihed  by  a  mark  of  interrogation.  The  EngliJJo  names  are 
thofe  by  which  the  plants  have  been  called  either  here  or  in 
other  parts  of  the  world,  except,  in  a  few  inftanccs,  where  no 
trivial  name  was  known.  The  medical  and  oeconomical  ufes 
which  are  mentioned,  are  inferted  from  the  beft  private  infor- 
mation that  could  be  obtained,  or  fele<^ed  from  good  authori- 
ties ;  many  of  them,  in  particular,  from  a  late  ingenious  and 
ufeful  publication  by  William  Withering,  M.  D.  entitled, 
^*  The  botanical  arrangement  oi  Britiflo  plants." 

In  giving  this  account  of  indigenous  plants,  I  have  had  op- 
portunity of  inveftigating  only  thofe  which  were  found  grow- 
ing within  the  compafs  of  a  few  miles  j  except  a  fmall  num- 
ber that  happened  to  be  noticed  at  a  greater  diftance.  Many 
'Others  have  been  dbferved,  but  the  limits  of  this  paper  did  not 
admit  their  being  inferted.  The  generic  charaders  of  t"hefe 
plants  were  minuted  from  frefh  blolToms  in  full  bloom,  with 
the  aid  of  a  microfcope,  and  with  as  much  attention  as  the  lit- 
tle leifure  I  have  had  for  botanical  enquiries  would  admit.  But 
not  having  examined  any  of  them,  for  any  other  purpofe  than 
mere  amufement,  until  the  laft  fummer,  I  doubt  not  errors  will 
be  found  in  this  arrangement,  which  more  time  and  further 
examination  might  have  prevented.  This  I  hope  will  be  ad- 
mitted as   fome  apology,  by  every  experienced  botanift,  who 
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knows  how  much  time  is  neceffary  for  inveftigating  and  ar- 
ranging a  confiderable  number  of  plants  in  a  part  of  the  coun- 
try never  before  explored » 

Jpftuich,  January  26,  1784. 

MONANDRIA, 

MONOGTNIJ. 
SALICORNIA.     Linn,  Gen.  Plant.   10. 
Salicornia  articulis  apice  comprejjis  emarginatis  bijidis,     Sylh 
Nat.     Kali  geniciilatum  anmium.     Park. 

GLJSSWORT.  SaltivG?-t.  Marfi  Samphire.  The  flem  grows- 
about  eight  or  ten  inches  high  :  the  main  ftcm  divides  itfelf 
into  numerous  branches.  It  is  found  on  the  fea-fliore.  Blof- 
foms  in  September. 

In  Europe  a  foffil  alkali  is  obtained  from  the  allies  of  this- 
plant,  which  is  in  great  requefl  for  making  glafs  and  foap.  It 
is  faid  to  make  a  pickle  little  inferior   to  famphirc, 

BIGYNIA. 
BLITUM.     Linn.  Gen.  Plant.   14. 
Blitum  capitellis  fpicatis  terminalibus.     Syft.  Nat.     Chenopo-^ 
diomorus,     Boerh. 

BLITE,  Several  flems  rife  from  the  fame  root,  running  in- 
to many  fhort  ramifications.  Leaves  oblong  and  obtufe.  Blof- 
foms  extremely  fmall  ;  green  with  a  yellow  anthera.  The 
fmell  is  confiderable,  refembiing  Samn,  About  Parker-nwtv 
bridge,  in  Neivbury.     Augufl. 

DIANDRIA. 

MONOGl-'NIJ. 

LIGUGTRUM.     Linn.  Gen.  Plant.   18. 

PRIM      Pri^cet.    A  fhrub.    Leaves  in  pairs.    BloiToms  white. 

Berries  black.     In  Lynn,     Not  very  common  in  a  wild  ilate. 

June,  *^ 
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It  makes  excellent  hedges.  The  berries,  gathered  as  foon  as 
they  are  ripe,  dye  wool  and  filk  of  a  good  and  durable  green, 
with  the  addition  of  alum. 

CIRCiEA.     Linn.  Gen.  Plant.  24. 
Circa  a  caule  adfcendente,  race  mo  imico.     Syft.  Nat. 
ENCHANTERS  NIGHTSHADE.     Blofioms  variegated.    Among 
buihes  in  a  moift,  rich  foil.     July. 

VERONICA.     Linn.  Gen.  Plant.  25. 

Veronica  race  mis  lateralibus :  pedicellis  pendulis,  foliis  linear  i-^ 
bus  integerrimis.     Syfl.  Nat. 

PIMPERNEL,  Brooklime,  Wafer  Speedwell.  Blollbms  whit- 
ilh  or  purplifli.     Li  fwamps,     June — July, 

Verojiica. 

ONE  FLOWER.  Stem  fomewhat  procumbent.  Leaves  orbi^ 
cular^  oppofite  on  fhort  pedicles.  Bloffoms  folitary,  fupport- 
ed  on  fhort  flower  ftalks  fifing  from  the  axilla  of  the  leaves  : 
they  are  fm^all  -,  white,  ftriated  with  purple.  By  the  way-fide. 
INlay — July. 

GOLD  EN  PERT.  The  calix  confills  of  one  leaf;  tubular. 
The  limb  deeply  divided  into  five  ovate,  acuminated  fegments  j 
with  two  fmall  leaves  growing  on  the  outfide  of  the  cup,  op- 
pofite tlxe  two  upper  finufes.  Corolla  one  petal ;  tube  very  long ; 
angular ;  border  divided  into  four  circular,  patent,  emarginated 
fegments ;  lapping.  The  upper  fegment  largefl  :  the  lower 
fmalleft.  Stamina  two  fliort  filaments  rifing  from  the"  tube, 
'  near  together,  below  the  upper  fegment  3  fhorter  than  the  tube. 
Antherce  circular  ;  fiattifh  ;  adhering  together.     Germen  ovate. 

C  c  c  2  Stik 
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Stile  cylindrical ;  eredl ;  of  the  length  of  the  Stamina.  Stigma 
concave  -,  circular  ;  bent  downward.  Capjule  ovate  5  two  cells  ; 
two  valves.     Seeds  numerous ;  very  fmall. 

The  flem  round  ;  ered.  Leaves  ftrap-fhaped  -,  oppofite  ; 
entire.  Bloilbms  fingle ;  on  flower-ftalks  rifing  from  the  ax- 
illa of  the  leaves  ;  yellow »  Around  the  fliore  of  Wenham 
pond.     Auguft. 


BJisrARD-PEPPERGRASS.  The  calix  confifts  of  a  perian- 
thium  of  four  eredl,  concave  leaves ;  the  margin  coloured  -,  two 
of  them  larger,  which  fland  oppofite.  Deciduous.  Corolla 
none.  Stamina  two  fubulated  filaments  with  antheras  ;  ftand 
cppofite  ',  of  the  length  of  the  calix.  Ant  her  (^  fimple.  There 
are  four  other  fhorter  filaments  without  antheras ;  one  on  each 
of  the  fides  of  the  fertile  filaments.  Germen  circular  -,  com- 
prefiled  ^  emarginated.  Stile  very  fhort.  Stigma  blunt  and 
jagged.  Capfule  circular  ;  comprefi^ed  ;  emarginated  ;  two 
cells  ;  four  valves.     Two  Ra.t  feeds  -,  the  edges  tumid. 

Stems  round  3  branched.  Radical  leaves  deeply  indented  5 
flem  leaves  lanceolate  and  flightly  ferrated.  BlofToms  very  fmall ; 
on  fruit-flalks  forming  a  long  open  fpike  at  the  extremities  of 
the  branches.     Borders  of  fields.     July — Sept. 

UTRICULARIA.     Linn.  Gen.  Plant.  29. 
TJtricularia  nedlario  conico.     Syft.  Nat.     Leiitibularia,    Ray, 
Syn.     Millefolium  aqiiaticum fore  luteo  gaJericiilato.     Park. 

BLADDERWORT.  Common  hooded  Milfoil.  The  roots  are  very 
fmall,  fwimming  in  the  water,,  and  feem  fcarcely  to  touch  the 
ground.  They  fend  off  numerous  branched  fibres,  befet  with 
fmall  membranaceous  bladders,  appearing  like  black  feeds. 
BlofToms  yellow.     Ponds  with  a  muddy  bottom.     Augufl. 

JJtricularia 
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TJtricuhria  neBarto  carinato.     Syft.  Nat. 

PURPLE  BLADDER WOR T.  Lejjer  hooded  Milfoil .  The  roots 
are  jointed.  Bladders  lefs  than  the  forpier  fpecies.  BlolToms 
pale  yellow.     In  muddy  ponds.     Auguft. 

VERBENA.     Linn.  Gen.  Plant.  30. 

Verbena  diandra  fpicis  longis^  calicibus  arijlatisy  foliis  ovatis 
ferratis.     Syfl.  Nat. 

VERVAIN .  Simpler s  'Joy,  The  ftems  are  quadrangular. 
Leaves  ftand  oppofite.  Bloflbms  in  a  long  clofe  fpike  ;  pale 
blue.  Common  by  road-lides.  July — Sept.  There  are  two 
or  three  varieties  of  this  fpecies  of  the  Verbena  very  common. 

It  is  faid  that  the  Surgeons  of  the  American  army,  at  a  cer- 
tain period  when  a  fupply  of  medicine  could  not  be  obtained, 
fubftituted  a  fpecies  of  the  Verbena  for  an  emetic  and  expedlo- 
rant,  and  found  its  operation  kind  and  beneficial. 

LYCOPUS.     Linn.  Gen.  Plant.   31. 
Lye  opus  foliis  ^equaliter  ferratis.     Syft.  Nati 
WATER  HOREHOUND.        Gipfie.      The  ftem  four   cornered. 

Leaves  oppofite.     Bloflbms  whitifli  y  furrounding  the  flem  at 

the  joints.     Borders  of  meadows.     Auguft. 

This  plant  has  been  mifVaken  for  a  fpecies  of  the  Veronica, 

and  is  generally  known  by  the  name  of  Paul's  Betony.     It  is 

faid  the  juice  will  give  a  permanent  colour  to  Unen,  wool  and 

filk,  that  will  not  wafh  cut. 

TRIANDRIA. 

MONOGTNIA. 
IRIS.     Linn.  Gen.  Plant.  S7^ 
Iris   coroUis  imberbibus,  germinibus   trigonis,    caule  anclpiti. 
Syft.  Nat. 

BLUE-FLAG. 


40 6     Mr.  Cu-tler's  Account  of  indigeMous  Vegetables ^ 

BLUE-FLAG.  The  leaves  are  fword- toped.  BlofToms  blue 
variegated  with  white,yellow and  purple.  In  wet  meadows.  June. 

A  deco6lion  of  the  frelli  roots  is  a  powerful  cathartic,  and 
will  fometimes  produce  evacuations  \vh.en  other  means  fail ;  but 
it  is  too  draftic  for  common  ufe.  The  juice  of  the  frefli  roots 
may  be  given  in  dofes  of  60  or  80  drops  every  two  hours.  Dr, 
Withering  fays  the  frefli  roots  of  the  yellow  water  flag  have 
been  mixed  with  food  of  fvvine  bitten  by  a  mad  dog,  and  they 
efcaped  the  difeafe,  when  others,  bitten  by  the  fame  dog,  died 
raving  mad.     The  root  lofes  moft  of  its  acrimony  by  drying. 

XYRIS  ?  Linn,  Gen.  Plant  59. 

TELLOWETED-GRJSS.  The  corolla  confifts  of  three  ovate, 
patent,  entire  petals.  The  claws  narrow  j  of  the  length  of  the 
calix,  NeSlaria  three  filiform  filaments  between  the  petals, 
longer  than  the  calix,  terminating  in  numerous  long  hairs. 
Three  very  (horijilaments  rifing  from  the  petals  in  the  mouth 
of  the  blofTom.  Capfule  membranaceous  ;  one  cell  -,  three 
valves  ;  oblong  \  compreffed  on  one  fide.  The  other  parts 
agree  with  Li?2?ic^iis' s  defcription. 

The  fl:em  flattifh  ;  naked  ;  ered.  Radical  leaves  narrow  ; 
tapering  to  a  point.  Bloflbms  in  an  head  on  the  fummit  of  the 
ilem  ;  bright  yellow.     On  banks   of  ponds.     Auguft. 

CYPERUS.      Linn.    Gen.  Plant.    6i.- 
Cy perns  ciihno  triquetro,  iimbellce  fpicidis  capitatis   ohlongts 
fejjilibus,  ifivohicris  longiJIimis  ferrato-afperis  ?    Syft.  Nat. 
GALANGALB.     In  open  fwamps.     Auguft. 

SCIRPUS.     Linn.  Gen.  Plant.  62. 
Scirptis  cidmv  tereti  niido,  fpicis  ovatis  pluribus  pedunculatis 

Urminalibus,     Syft.  Nat. 

JBULLRUSH. 
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BULLRUSH.     Ill  ponds  and  rivers.     Augull. 

When  properly  cured  it  makes  very  neat  bottoms  to  chairs  5 
but  they  will  be  much  ftronger  mixed  with  the  leaves  of  the 
cat's  tail  flag,  though  fomewhat  coarfer. 

Scirptis  cuhno  triquetro  nudo  acumi?iato,  fanicidafpicis  conglo" 
merata  lateralis     Syft.  Nat. 

THREE  CORNERED  RUSH.   Banks  of  ponds  and  rivers,    Aug, 

ERIOPHORUM.     Linn.  Gen.  Plant.  6^. 

'Eriophorum  cidmis  foliojis  teretibus,  foliis  planis,Jpica  erreBa. 
Syft.  Nat.     Gra?72en  juncoides  lanatiim  alteriim  danicum.    Park. 

COTTONGRASS,     Piiffy^     Moffy  meadows.   '  May. 

The  down  of  the  heads  has  been  ufed  for  ftuffing  pillows  and 
making  wicks  of  candles. 

The  indigenous  gralTes  of  the  fecond  order  are  numerous, 
but  the  limits  of  this  paper  would  not  admit  of  their  being  in- 
serted. A  defcription  of  theie  and  other  native  gralles  may  be 
the  fubjeA  of  another  paper, 

rRlGTNIJ. 
MOLLUGO.     Linn.   Gen.  Plant.   99. 
Molhgo  foliis  verticillatis  cunclformlbus  acutis,  caidefubdivifo 
decumbentCy    pedunculis   umfioris,     Syft.    Nat.     Midlugo  foliis 
fcepius feptenis  laiiceolatis ,     Gronov. 

CARPET-WEED,  Stem  divided  into  numerous  branches, 
fpr^ading  on  the  ground.  BloiToms  greeniih  white  -,  in  clufters 
at  thejoints.     About  pathways,     July. 

TETRANDRIA. 

MONOGYNIA. 
ARUM  Americanum,  beta  folio.     Catcfb.     Nat.  Hift. 
SCUNK  CABBAGE.     Scimkwccd.     The  cahx  confifts  of  a  veiy 
large,  permanent  Sp.Ttba  ;  of  a   thick,  porous  fubftance,  ap- 
proaching 
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proaching  to  an  ovate  form ;  open  on  one  fide,  and  Sellied  out 
on  the  oppofite  ;  the  margin  auriculated  at  the  bafe,  and  fome- 
what  twilled  at  the  apex.  The  Spadix  within  the  Spatba. 
The  florets  numerous,  placed  around  the  receptacle  in  an  oval 
form  J  and  are  fo  compadl  as  to  appear  like  a  folid  body,  thick 
fet  with  fmall,  regular  protuberances  on  its.furface.  No  Calix. 
Corolla  four  eredl,  very  thick,  narrow,  obtruncated  petals. 
.Stamina  four  flattilh  filaments  rihng  from  the  receptacle  -, 
ion-^er  than  the  corolla.  Anther  a  oblong.  Germen  convex. 
,5^//^  cylindrical ;  rather  longer  than  the  ftamina.  Stigma  bifid. 
Seeds  large  ;  roundifh  ;  fingle  ;  inclofed  within  the  receptacle. 

The  firft  appearance  of  this  fingular  plant  is  the  flower.  After 
.  •file 'flower  is  arrived  to  a  flate  of  perfedion,  the  leaves  appear  at 
a  fmall  diflance  from  the  flower  ftalk,  in  a  conic  form,  very 
clofely  rolled  together.  As  they  rife  they  expand  ;  nearly 
ovate  ;  fapported  on  foot  flalks.  The  plant  has  no  flem, 
-The  globe  of  flowers  is  nearly  of  the  colour  of  the  fpatha, 
which  is  beautifully  variegated  with  fcarlet  and  yellow.  Com- 
^mon  in  fwam.ps  and  borders  of  meadows.     April — May. 

This  plant,  which  is  found  native  no  where  but  in  North- 
America,  has  been  confidered  by  botaniils  as  a  fpecies  of  the 
Arum.  But  the  florets  -are  hermaphrodite,  having  each  of  them 
.diftindl  and  perfed  corolla,  ftamina  and  piflil.  It  therefore  be- 
longs to  the  firft  order  of  this  clafs,  and  is  to  be  arranged  among 
the  aggregate  flowers  with  a  common  perianthium.  The  fruc- 
tification fo  efi^entially  differs  from  all  the  genera  of  this  order, 
it  muft,  undoubtedly,  be  confidered  as  a  new  genus.  The 
vulgar  name,  by  which  it  is,  here,  generally  known,  is  taken 
ii-om  its  very  rank  and  difagreeable  fmell,  nearly  refembling 

isbat  of  a  fcunk  or  polecat 

The 
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The  roots  dried  and  powdered  are  an  excellent  medicine  \\\ 
afthmatic  cafes,  and  ofteji  give  relief  when  other  means  are  in-- 
^ffed:ual.  It  may  be  given  with  fafety  to  children  ias  well  as  to 
adults  .;  to  the  former,  in  dofes  of  four,  five  Or  fix  grains,  and 
to  the  latter,  in  dofes  of  twenty  grains  and  upwards.  It  is 
given  in  the  fit,  and  repeated  as  the  cafe  may  require.  This 
knowledge  is  faid  to  have  been  obtained  from  the  Indians,  who, 
it  is  like  wife  faid,  repeat  the  dofe  after  the  paroxifin  is  gone  off, 
feveral  mornings,  then  mifs  as  many,  and  repeat  it  again  ;  thus 
continuing  the  medicine  until  the  patient  is  perfc<5lly  recovered. 
It  appears  to  be  antifpafmodic,  and  bids  fair  to  be  ufeful  in 
many  other  difordci-s.  In  colleding  the  roots  particular  care 
ought  to  be  taken  that  the  white  hellebore,  ov poke  root,  which  fome 
people  call  fcunk  weed,  be  not  miilaken  for  this  plant,  as  the 
confequence  might  be  fatal.  There  is  an  obvious  diftindion — 
the  hellebore  has.  a  flalk,  but  the  fcunk  cabbage  has  none. 

CEPHALANTHUS.  Linn.  Gen.  Plant.  105. 
Cephalaiithus folils  cppofitis  ternifque.  Syft.  Nat, 
GLOBE-FLOWER  SHRUB.  Fond Dogwood.  Button  Bujh.  The 
florets  form  a  perfed:  globe,  and  when  the  fruit  ftalk  is  feparated 
it  does  not  readily  appear  in  what  part  of  the  globe  it  w^s  in- 
ferted.  The  blolToms  are  fnow-white,  fi-agrant  and  beautifal 
when  in  full  bloom.  Common  in  watery  fwamps  and  pond- 
holes.     July — AuguH, 

HEDYOTIS.    Linn.  Gen.  Plant.  110. 
.  Hedyath  foUis  llneari-laHceolatis ,    caule   herbaceo   dlchotomo^ 
pectmculis  geminh,     Syft,  Nat. 

VENUS  PRIDE.  felolToms  ^vhite  or  bluifli.  It  fpreads  over 
pafbures  iand  fields,  in  large  beds,  and  gives  them  a  white  ap- 
pearance.    May — June. 

Ddd  MITCHELL  A.0 
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MITCHELLA.     Linn.  Gen.  Plant.   126. 
PJRTRIDGEBERRT,     The  ftems  trailing.    Leaves  orbicular- 
cordate  y    oppofite,  with  large  white  veins.     BlofToms  white. 
In  thick  woods  and  fwamps.     June — -July. 

PLANTAGO.     Linn.  Gen.  Plant.   133. 

Plant  ago,  foliis  ovatis  ghihris,  fcapo  tereti,  fpica  Jiofculis  im^ 
bricatis.     Syft.  Nat. 

PLANTAIN.  Common  near  roads  and  foot-paths.  June — ? 
July. 

The  leaves  are  applied,  by  the  common  people,  to  inflamed 
fores  and  fwellings.  The  bruifed  leaves  they  apply  to  freih 
cuts. 

Plantago  foliis  lanceolato-c-vatis  piibefcentibiis  fibdenticuiatis^ 
fpicis  laxis  pubefcentibus,  fcapo  angiilato.     Syft.  Nat. 

VIRGINIA  PLANT AIN.  In  grafs  land.  Not  common.  May 
—•June, 

Flantago  foliis  femicylindraceis  integerrimis  bafi  lanatis,  fcapo 
tereti^     Syft.  Nat. 

SEA  PLANTAIN,     In  fait  marfhes.     July.. 

It  is  faid  to  be  cultivated  and  fown  with  clover  in  Nortb-^ 
Wales  in  Great-Britain ,  and  greedily  eaten  by  horfes  and  cows  : 
but  Linnaus  fays,  that  cows  are  not  fond  of  it. 

SANGUISORBA.     Linn.  Gen.  Plant.  136. 

Sanguiforba  fpicis  longiffimis,    Syft.  Nat.   Pimpinella  maxima^ 

Cornutus. 
AMERICAN  BURNET.     Snakeweed,    The  leaves  are  winged  ^ 

very  long.     The  fmall  leaves  ferrated.     The  filaments  and  an- 

ther^e  are  white.     In  rich  moift  ground,     July — September. 

^    '  Its 
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Its  growth  is  generally  luxuriant,  and  makes  good  fodder 
for  cattle. 

CISSUS.     Linn.  Gen.  Plant.   137. 

Cijfiis  foliis  ovatis  nudis fetaceo — -ferratis.     Syfl.  Nat. 

PIGEON-BERRY  BUSH.  The  fhrub  grows  fix  or  eight  feet 
high.  Leaves  oppolite.  BlofToms  in  broad-topped  fpikes  ; 
white.     Common  on  the  banks  of  brooks   and  rivers.     June. 

Pigeons  feed  on  the  berries,  which  has  been  the  occafion  of 
its  trivial  name. 


MEADOW  BLUEBELLS.  The  calix  is  a  permanent  perianthi- 
um  of  one  leaf  -,  tubular.  Tube  quadrangular  ;  limb  divided 
into  four  acute,  eredlfegments.  The  <;(jr^//^  one  petal.  Tuhc 
between  funnel  aad  bell-fhaped  ;  longer  than  the  calix  -,  di- 
vided into  four  roundifh,  patent  fegments,  with  ciliated  mar- 
gins. Ne^aria  four  prominent  glands  in  the  bafe  of  the  co- 
rolla. Stamina  four  triangular,  ered;  filaments  ;  inferted  into 
the  corolla,  and  of  the  length  of  thS  calix.  A?2thera:  oblong  ; 
ere(5t.  Gcrmen  oblong  3  within  the  tube.  Stile  fliort.  Stig- 
?na  bifid  ;  flat ;  circular.  Capjiile  oblong,  quadrangular  ;  one 
cell  ;  four  valves.  Seeds  numerous ;  ovate ;  adhering  to  the 
angles  of  the  capfule. 

The  flem  nearly  round  ;  ere6t  ;  branched.  Leaves  ovate  ; 
oppofite  ;  half  embracing  the  flem.  Blo/Toms  large;  fingle; 
terminatino:  :  bri2:ht  blue.  i\\  moift  land.  Not  common. 
September. 

Theblofibms  open  about  ten  o  clock  in  the  morning,  and 
clofe  by  two  in  the  afternoon. 

CORNUS.     Linn.  Gen.  Plant.   139 
Cornus  herbacea,  ramis  nullis.     Syil,  Nat. 

D  d  d  a  CORNEL.- 
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CORNEL.  Dogberry,  The  flein  is  quadrangular.  Leaves- 
oval  ;  oppoflte.  From  the  axillce  of  the  upper  leaves,  twc?i 
other  leaves  are  fent  off,  fpreading  laterally,  which  give  the  ap- 
pearance of  fix  leaves  at  a  joint.  BloiTpms  white.  In  wood- 
land..    May — June . 

OLDENLANI>IA.    Linn.  Gen.  Plant,   143. 
DOGWOOD.     The  leaves  are  ovate,  j   acuniinated.     BloiToms^ 
in.  broad- topped  fpikes  3  white.      la  iwarnps,  and.  banks^  of" 
rivers^     }\-\\y. 

DIGTNIJ. 
HAMAMELIS.     Linn.  Gen.  Plant.   155. 
WTTCH'HAZEL,     The  leaves  are  nearly  inverlly  ovate.     Blof- 

fpms  yellow  :  ftand  three  or  four  together  on  fliort  flower  flalks^ 
In  loamy  land.     Sept. — Odober. 

This  fmgular  fhrub  does  not  commonly  bloom  until  its  leaves 
are  deftroyed  by  frofl,  when  its  numerous  bloflbms  make  a  gay 
and  agreeable  appearance  3  and  continue  until  the  weather  be- 
comes str<i  cold,. often  until  fnow  falls.  The  germen  endures 
the  feverity  of  our  winters  uninjured  y  for  the  fruit  does  no? 
ripen  until  the  next  September,  the  time  of  its  blolToming  again^ 
when  ripe  fruit  and  bloffoms  will  be  found  on  the  fame  tree. 

The  Indians  confidered  this  tree  as  a  valuable  article  in  their 
materia  medica.  They  applied  the  bark,  which  is  fedative  and 
difcutient,  to  painful  tumors  and  external  inflammations.  A 
cataplafm  of  the  inner  rind  of  the  bark,  is  found  to  be  very  ef- 
ficacious in  removing  painful  inflammations  of  the  eyes.  The 
bark  chewed  in  the  mouth  is,  at  iirft,  fomewhat  bitter,  very 
fenfibly  aftringent,  and  then  leaves  a  pungent,  fweetifh  tafl:e, 
w  hich  will  remain  foi*  a  conllderable  time.  The  fpecific  qua- 
lities 
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iitks  of  this  tree  feem,  by  no  means,  to  be  accurately  afcer- 
tained.     It  is,  probably,  polTelied  of  very  valuable  properties. 

CUSCUTA.     Linn.  Gen.  Plant.   156. 

Ciifciitafloribuspedunculatis^     Syft.  Nat. 

DODER.     Devil's  Guts.     Among  flax.     July. 

This  plant  is  well  known  to  farmers,  who  often  have  their 
fields  of  flax  greatly  injured  by  its  twining  about  the  ftalks.  It 
is  parafitical.  When  it  has  afcended  the  flialk  of  flax,  or  what- 
ever plant  is  next  to  it,  a  number  of  very  fmall  papill-^  are  fent 
oflT  from  the  inner  furface  of  the  vine,  which  infinuate  them- 
felves  into  the^  bark  of  the  plant.  The  root  then  decays,  and 
it  receives  its  nouriiliment  from  the  plant  which  it  twines  about. 
The  whole  plant  is  bitter ;  and  it  afl:brds  a  pale  reddifh  colour. 
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TRAILING  COCKSPUR.  Calix  none  3  except  the  corolla  be 
called  the  calix.  Corolla  one  petal  ^  flat  y  coloured  without 
and  within.  Limb  deeply  divided  into  four  ovate  acuminated 
fegments.  Deciduous.  Stamina  four  Oiort,  filiform,  ere<5t 
filaments  3  ftanding  upon  the  corolla,  ^;///?£7Vf  globular.  Ger^ 
?nen  below  ;  double.  Stiles  two  j  erect  -,  pafling  through  the 
bafe  of  the  corolla.  Stigmata  globular.  Two  feedsy  gs  nuts, 
contained  in  a  rind  thick  fet  with  hooked  fpincs. 

The  generic  charad:ers  of  this  plant  approach  thofe  of  the 
Aphanesy  but  ieem  fo  ellentialJy  to  differ  as  not  to  admit  its  be- 
ing placed  under  that  genus . 

The  ftem  trailing ;  four  fquare  ;  the  edges  tumid,  and  befet 
with  fhort,  hooked  fpines.  Leaves  lanceolate  3  fix  at  a  joint. 
BloflxDms   reddifli   white  ;  placed  in  the  axiilcs  of  the  leaves. 


Borders  of  brooks  and  ditches.     Auguft. 


UPRIGHT 
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UPRIGHT  COCKSPUR.  Stems  eredl ;  quadrangular.*  Leaves 
ovate  ',  four  at  a  joint.  Stem-leaves  rough  :  fomewhat  woolly. 
BlofToms  w^hite.     Open  w^ood  land.     June. 

rETRAGYNIA. 
POTAMOGETON.     Linn.   Gen.  Plant.   i€o. 
Potamogeton  foliis  oblongo-ovatis  petiolatis  natantibus.     Syfl. 
Nat.     Fontalis  major  latijolia  vulgaris.    Park. 

PONDWEED.  Blofibms  in  fpikes ;  yellowifli.  In  ponds  and 
rivers.     Auguft. 

The  leaves  afford  an  ?.greeable  fhade  to  pickerel. 

PENTANDRL\. 

MONOGTNIA. 
CYNOGLOSSUM.     Linn.  Gen.  Plant.   i68. 
C'ynoglojfum  Jiaminibus  corolla  brevioribiiSy  foliis  lato — lanceo- 
I  at  is  tomentofis  fefiUbus.     Syft.  Nat. 

HOUNDSTONGUE,  Bloffoms  pale  blue.  Road  fides  in  Ded^ 
bam.     July. 

It  has  a  very  difagreeable  fmell.  Dr.  Withering  obferves,  that 
both  the  root  and  leaves  have  been  fufpedled  to  poffefs  narcotic 
properties  ;  but  that  others  will  not  admit  the  fad:. 

SYMPHYTUM.     Linn.  Gen.  Plant.  170. 
Symphytum  foliis  ovato — lanceolatis  decurrentibus.     Syft.  Nat. 
Symphytum  magnum,     Raii.  Syn. 

COMFRET,  Bloffoms  yellowifli  white.  Inmoiffland.  Not 
common  growing  wild.     June. 

It  is  cultivated  in  gardens  ^  and  though  it  is  fometimes  found 
growing  wild,  there  feems  to  be  fome  doubt  whether  it  be  in- 
digenous ♦ 

The 
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The  roots  are  much  ufed  by  the  common  people  for  fprains. 
They  are  glutinous  and  mucilaginous.  The  leaves  give  a  grate- 
ful flavour  to  cakes  and  panadoes. 

CORTUSA.     Linn.  Gen.  Plant.   181. 
Cortufa  calycibus  corollam  excedtmtibus.     Syft.  Nat. 
BEARSEAR  SANICLE.    The  ftems  are  round  ;  ere(St.    Leaves 
oblong  in  pairs.     Bloflbms  yellow^.     In  moift  ground.     July. 

HOTTONIA.     Linn.  Gen.  Plant.    186. 

Hottonia  peduncuHs  verticillato — multifloris.  Syft.  Nat.  Mil^ 
lefolium  aquaticum  jioridum  feu  viola  aqiiatica.  Park.  Hottonia, 
Boerh. 

WATER  VIOLET.  Featherfoil.  Leaves  winged,  fpreading  on 
the  furface  of  the  water  in  a  flellate  form.  Bloflbms  white. 
In  fl:anding  waters  and  ditches.     May — June. 

LYSIMACHIA.     Linn.  Gen.  Plant.   188. 

Lyjimachia  foUis  quatemis  fiibfejjilibiis ,  peduncuHs  quaternis 
uniforis.     Syfl:.  Nat. 

YELLOW  WILLOWHERB.  Pimpernel,  Loofejirife.  Stem 
round  j  hairy.  Leaves  ovate.  Bloflbms  bright  yellow.  In 
wood  land.     June. 

MEADOWSWEET.  Mo?iey-jjort,  Stems  ered.  Leaves  ob- 
long ;  five  or  fix  at  a  joint  ;  marked  with  white  or  red  fpecks. 
Bloflbms  Angle  ;  on  long  flower  fl:alks  ;  yellow.  Borders  of 
meadows,  or  brooks.     June. 

ANAGALLIS.     Linn.  Gen.  Plant.    189. 
Anagallis  foliis   rndivijis y   caule    procumbente.      Syfl:.  Nat. 
Anagalli's  Jlore  phaniceo.       Park. 

PIMPERNEL.     Bloflbms  red.     In  clayey  ground.     June. 

Anagallis 
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Anagallis  foliis  Jinuatis,     Syft.   Nat. 

GROITNDSTJR.     Bloffoms  white,  tinged  with  red.  Amongft 
^grafs  by  the  way  fide.     May — Aug. 

AZALEA.     Linn.  Gen.  Plant.   195. 

Azalea  foliis  ovatis.,  corolUs  pilofis,  Jiaminibus  longifftfnis ,  Syil, 

Nat. 

AMERICAN  HONErWCKLE.  &wamp  Fink.  BlofToms  in  a 
kind  of  tuft  at  the  termination  of  the  branches.  They  are 
white  ;  but  the  deep  red  globules  at  the  ends  of  the  hairs  on 
the  corolla  and  flamina  give  the  appearance  of  a  red  tinge. 
Common  in  low,  fwampy  land.     June, 

This  ilirub,  when  in  full  bloom,  makes  an  elegant  appear- 
ance. The  blolToms  are  fragrant,  and  have  been  made  into 
conferves.  It  is  eafily  propagated  in  gardens,  and  may  doubt- 
lefs  be  improved  by  cultivation.  We  have  few  exotic  flower- 
ing fhrubs  fuperior  to  it. 

CONVOLVULUS.    Linn.  Gen.  Plant.  198. 
Convolvulus  foliis  fagittatis  utrlnque  acutisy  pedimcuhs  uni^ 
pris.     Syfl.  Nat. 

B'lNBWEEB.  Sjnall  Convolvulus.  Blofloms  white  or  iiriped. 
In  corn  fields.     July. 

Convolvulus  foliis  fagittatis  pojlice  truncatis-,  pedunculis  tetra- 
<roms  unifioris.     Syft.  Nat.     Convolvulus  major  albus.     Park, 

-GREAT  CONVOLVULUS  Two  floral  leaves  cbfe  to  the  caiix. 
Bloflfoms  white  -,  or  white  and  red.  Common  in  hedges,  and 
by  ftone  walls.     July. 

Catejby^  in  his  hifl:ory  of  theCtfrc//;2jj-,  mentions  an  Indian  who 
daubed  himfelf  with  the  juice  of  a  fpecies  of  the  Convolvulus, 
S-nd  then  handled  a  rattle-fnake  without    receiving  injury. 

Scammony, 
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Scammony,  Dr.   Withering  fays,  is  the  infplfrated  juice  of  a 
fpecies  of  Convolvulus  fo  much  refembling  this,    that  they  are 
-with  difficulty  diftinguifhed.     Can  it  then,  fays  he,  be  wrorth 
while  to  import  Scammony  from  Aleppo j  at  a  confiderablc  an* 
nual  expence,  when  a  medicine,  with  the  very  fame  properties, 
grows  fpontaneoufly  in  many  of  our  hedges  ?     If  the  prepa- 
ration of  Scammony  would  be  a  faving  to  England^  it  muft 
certainly  be  a  much  greater  to  America^  in  proportion  to  the 
quantity  ufed.     Befides,  as  the  imported  Scammony  is  often  very 
impure,  and  as  there  is  fo  much  difference  in  the  purgative  vir- 
tue of  fome  maffes  of  it,  and  that  of  others,  that  it  is  feldom 
to  be  depended  upon  alone  in  extemporaneous  practice,  might 
it  not  be  prepared  here  much  purer,   and  be  more  uniform  m. 
its  virtue  ?     Notvvithflanding  the  roots  of  the  Convolvulus  is 
a  very  acrid  purgative  to  the  human  race,  hogs  will  eat  it  in 
•  large  quantities  without  any  ill  effedts. 

IPOMOEA.     Linn.  Gen.  Plant.  199. 

■Ipon'^oea  foliis  cordatis  integerrimis  glabris  lacunofis,  peduncu-c 
' lis  bijioris .     Syft.  Nat. 

AMERICAN  JASMINE.  Leaves  ftand  x3ppofite.  Bloflbms 
yellow,  tinged  with  red.  Among  hazel  bufhes.  Very  rare, 
July. 


AMERICAN  TEA.  The  calix  a  very  fmall  permanent  rim, 
furrounding  the  receptacle;  fcarcely  vilible.  Corolla  otiQ  ^q^^ 
tal  ;  tubular.  Limb  divided  into  five  acuminated  fegments  ; 
rolled  inward,  NeSiaria  live  hooded  petals,  with  long,  fili- 
form daws,  inferted  into  the  corolla  below  the  iinufes  of  the 
fegments  ;  ered:  j  longer  than  the  fegments  of  the  corolla. 
Stamina  five  fubulated  filaments  ftanding  upon  the  corolla  juft 

E  e  e  below 
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Ibelow  tl^e ;  petals  of  ihe  nedtarium.  AntheriE  globular  ;  co- 
v^er^d  by  tjie  hooded  petals  of  the  nedtarium,  Germen  above  i 
globular,  Stiie  cylindrical  >  ered:  ;  i3iorter  than  the  ftamina. 
Stigfna  triiid.  Capfules  three;  each  one  cell ^  one  valve. 
Seeds  one  in  each  cell  3  ovate  comprelTedo 

Stems  woody.  Leaves  ovate  ;  ferrated  ;  acuminated.  Blof- 
foms  in  long,  terminating,  open  fpikes  ;  fnow  white.  By 
fences,  and  among  bufhes  in  loamy  land.     July. 

The  leaves  of  this  ihrub  have  been  much  ufed  by  the  com- 
mon people,  in  fome  parts  of  the  country,  in  theroonx  of  In^ 
dia  tea ;  and  is-,  perhaps,  the  beft  fubftitute  the  country  affords. 
They  immerfe  the  freih  leaves  in  a  boiling  decodlion  of  the 
leaves  and  branches  of  the  fame  fhrub,  and  then  dry  them  with 
a  gentle  heat.  The  tea,  when  the  leaves  are  cured  in  this  way,, 
has  an  agreeable  tafle,  and  leaves  a  roughnefs  on  the  tongue 
fomew^hat  refembling  that  of  the  bohea  tea, 

CAMPANULA  ?     Linn.  Gen.  Plant.  201. 
Campanula  foliis  fubovatis  intcgerri?nis,  caulibus  diffufii.  Syft. 

Nat. 

VENUS  LOOKING-GLASS.     BlolToms  yellow.     On  high  land. 

July. 

PHYTEUMA.     Linn.  Gen.  Plant.  203. 
Thyteuma  capitulo  fubfoliofoy  foliis  omnibus  lanceolatis,     Syft, 

Nat. 

RAMP  ION,     BlofToms  white  with  blue  veins.     Moift  lande 

July. 

LONiCERA.     Linn.  Gen.  Plant.  21a. 

"Lonicera  racemisterminalibus,  foliis  ferratis,     Syfl.  Nat. 

HONEYSUCKLE.     Bajiard  Cherry,     BlolToms  yellow,  tingedi 
with  redi     Among  bufhes  in  loamy  land,    June. 

VERBASCUM. 
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VERBASCUM.     Linn.  Gen.  Plaiit.  217. 
Verhafcum  foliis  decurrentibiis  utrinque  tomentojis,    Syft.  Nat. 
MULLEIN.     BlofToms  in  long  terminating  fpilces  -,  yellow. 
Gommon  in  old  fields ,     July. 

Verbafcum  foliis  amplexicatdibus  oblongis  glabris,  pedunculis 
folitariis.     Syft.  Nat. 

MOTH  MULLEIN.  Bloflbms  yellowifli  white.  By  the  road 
fides  in  Lym2o     July. 

DATURA.     Linn.  Gen,  Plant.  S18. 

datura  pericar pits  fpinojis  ereSiis  ovatis.     Syft.  Nat. 

APPLEPERU.  Stramonium.  Thornapple.  BlofToms  white 
with  a  tinge  of  purple.  The  upper  leaves  have  been  obferved 
to  rife  up  and  enclofe  the  bloffoms  at  nights  Common  by  the 
way  fides,     Auguft, 

This  plant  is  faid  to  be  an  exotic,  and  that  it  is  not  found 
-growing  at  any  great  diftance  from  the  fea.  The  feeds  taken 
internally  bring  on  delirium  ;  large  dofes  would,  no  doubt, 
prove  fatal.  The  leaves  applied  to  the  feet,  or  part  affecfled, 
have  been  found  efficacious  in  removing  fpafms  -,  and  applied 
in  cataplafms  give  eafe  in  external  inflammations.  An  ointment 
prepared  from  the  leaves  gives  eafe  likewife  in  external  inflamma- 
tions and  haemorrhoids.  The  Edinburgh  College  dired"  an  ex- 
trad  to  be  prepared  by  evaporating  the  expreffed  juice  of  the  leaves. 
Its  medical  properties  undoubtedly  merit  attention.  None  of 
the  herbivorous  animals  will  eat  it, 

HYOscYAMUs,     Linn,  Gen.  Plant.  219. 
Hyofcyamus  foliis  amplexicaulibus„     Syft.  Nat, 
HENBANE.     BlofToms  purple  and  brown  ;  clammy.     Com* 
mon  amongft  rubbifb,  and  by  road  fide$.     July, 

E  e  e  2  The 
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The  feeds,  the  leaves,  and  the  roots,  Dr.  Withering  obferveSj, » 
are  all.  poifonous.     Madnefs,.  convulfions,  and  death,   are  the 
general  confequence..    In  a  fmaller  dcfe,  they  occafion   giddi- 
nefs  and  ftupor.     The  Edinburgh  College  order  the  expreffed 
juice  of  the  plant  to  be  evaporated  to  an  extrad:,.    In  this  Hate, 
the  Dodtor  fuppofes,  it  may  be  advantageoufly  joined  with  opit. 
um,  where,  the  efFecfts  of  that  medicine,  are  defirable,  and  cof- 
tivenefs  is  to  be  avoided.     There  is  no  doubt,  he  fays,  of  its 
being  a  ufeful  medicine  under  proper  management.     The  dofe . 
is  from  half  a  fcruple  to  half  a   dram;     It  is  faid,  that  thej 
leaves  fcattered  about  a  hoafe  will  drive  awiiy  mice» 

&OLANUM,     Linn.  Gen.  Plant.  224, 
Solanum  cauk  inermi  frutefcente  JfexuofOy  foliis  fuperioribus 
hajiatisy  race  mis  cymojis.     Syft.  Nat, 

bittersweet:.  BlofToms  purple,,  with  fpots  of  white». 
Common  about. fences  in.moift  land.     June. 

Boerhaave  fays,,  it  is  a  medicine  far  fuperior  to  China  and. 
Sarfaparilla  as  a  fweetner  and  reflorative.     Linnceus  fays,  an  in- 
fufion  of  the  young  tv/igs  is  an  admirable  medicine  in  acute 
rheumatifms,  inflammations,    fevers,    and  fuppreifion  of  the 
lochia.     Dr.  Hill  fays,  he  has  found  it  very  efficacious  in  the^^ 
afthma^ 

Solanum  catile  inermi  herhaceo,  foliis  ovatis  dent  at  0 — angulatis^.. 
umbelUs  nautantibus.     Syft.  Nat. 

NIGHTSHADE.  Bloffoms  white.  Berries  black.  Common  ^ 
among  rubbifh.     July. 

Dr.  Withering  fays,  from  one  to  three  grains  of  the  leaves 

infufed  in   boiling  water,  and  taken  at  bed  time,  occafions  a 

copious  pcrfpira^ion  \  increafes  fecretions  by  the  kidneys,  and 

generally 
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generally  purges  niore  or  lefs  the  following  day.  Thefe  pro-.^ 
perties,  judicioufly  applied,  render  it  capable  of  doing  eflentia) 
fervice  in  feveral  difeafes.  But  its  efFeds  on  the  nervous  fyftem' 
are  fo  uncertain,  and  fometimes  fo  confiderable,  that  it  mufi? 
ever  be  adminirtered  with  the  greateft  caution.  The  leaves  ap- 
plied externally,  eafe  pain  and ^bate  inflammations. 

TIVERTWIG.  American  Mezerion.  The  generic  charadiers 
do  not  entirely  agree  with  the  Solanum  ;  but  they  approach 
nearer  to  this  than  any  other  genus.  Stems  woody  ;  tvvrining 
about  fhrubs  or  trees  j  branched.  Leaves  ovate  ;  ferrated  ^ 
acuminated,  Bloflbms  greeniih  white.  Berry  pale  red.  In 
hedges  and  wood  land,     June, 

It  is  ufed  with  fuccefs  in  difcufling  indurated  tumors.  Far- 
mers apply  it  to  fwellings  in  cows  bags.  Phyflcians  of  diftin-- 
guilhed  charad:ers  fay,  that  the  roots  anfwer  as  valuable  a  pur- 
pofe,  in  venereal  cafes,,  as  the  Mezerion,. 

RiBES.     Linn.  Gen.  Plant.  247, 

Ribes  inermey  racemis  pilofis,  jioribus  oblongis,     Syfl:.  Nat. 

BLACK  CURRANT.    BloiToms  yellowifh.    Berries  black.    It  is 

rarely  found  growing  naturally  here,  but  is  cultivated  in  gardens. 

In  fome  parts  of  the  eaftern  country  it  is  laid  to  be  found  in 

great  plenty,  particularly  near  Kennebeck^wefK- 

A  jelly  made  of  the  fruir  is  celebrated  in;  the  Philofophical 
Tranfadions  of  the  Royal  Society  for  curing  very  bad  kinds  of 
fore  throat.  It  has  been  found  to  anfwer  very  well  here,  parti- 
cularly in^  that  fpecies  of  the  fore  throat  in  which,  the  tonfils 
fuppurate.  It  ought  to  be  applied  early  and  frequently.  When 
the  fruit  could  not  be  obtained,  an  infufion  of  the  bark,  fweet- 
ened  with  honey,  and  ufed  as  a  gargle,  has  proved  beneiiciaK 

Dr.- 
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Dr.  Withering  fays,  the  juice  of  the  berries  is  frequently  boiled 
down  iato  an  extrad:,  with  the  addition  of  a  fmall  propor- 
tion of  fugar,  which  is  called  rob,  and  is  much  ufed  in  fore 
throats,  but  chiefly  in  thofe  of  the  inflammatory  kind.  An  in- 
fufion  of  the  young  roots  is  .ufeful  in  fevers  of  the  eruptive 
kind ;  and  in  the  dyfenteric  fevers  of  cattle.  The  fruit  is  often 
put  into  rum  inilead  of  black  cherries.  The  tender  leaves  will 
give  a  tinge  to  rum  nearly  refembling  brandy, 

"Ribes  ramis  aculeatis,  petiolorum  ciliis  pilofis^  baccis  hirfutis, 
Syfl.  Nat. 

GOOSE  BERRY,  Bloflbms  greenifli  white.  Berries  rediih, 
or  white.  Common  in  moiffc  hedges,  and  banks  of  ditches. 
May, 

The  fruit  is  very  agreeable,  either  as  nature  prefents  it,  or 
made  into  a  jelly.  It  is  much  uled  in  tarts.  An  equal  weight 
of  picked  Gooie  Berries  and  pure  fugar  put  over  the  fire,  will 
fpontaneouily  feparate  a  liquor  which  becomes  a  mofl;  agreeable 
jelly.  The  fruit  of  the  wild  Goofe  Berry  may  be  greatly  im- 
proved by  cultivation, 

HEDERA.     Linn.  Gen.  Plant.  249, 
Hedera  folils  ovatis  lobatifque,     Syfl.  Nat.     Hedera  trifolia 
Canadenjis.     Corn. 

POISON  I  FT.  Bloflbms  white,  with  purple  or  black  veins. 
Berries  black.  Common  in  moifl:  hedges  and  meadows.  June, 
It  afcends  trees  adhering  by  numerous  linear  tendrils,  which 
are  fent  off  from  the  body  of  the  flem,  infinuating  their  fharp 
ycnds  into  the  bark  of  the  tree.  It  produces  the  fame  kind  of 
inflammations  and  eruptions,  in  certain  confl:itutions,  as  the 
poifon  wood  tree.     A  milky  juice  exfudes  from  the  fl:alks  and 

leaves. 
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leaves,  which  will  flain  linem  a  deep  and  unfading  black.  This 
juice  is  faid  to  have  been  ufed  by  the  Indians  in  ftaining  the 
hardell  fubftances  a  deep  and  permanent  black.  Country  peo- 
ple employ  it  in  making  ink.  Some  have  fuppofed  its  proper- 
ties are  not  inferior  to  thofe  of  the  Japan  varnilli  tree.— It  is 
^undoubtedly  worthy  of  attention, 

Hederafoliis  quinatis  ovatisferratis.     Syft.  Nat. 

WOODBINE,  Ivy,  BlolToms  greenifh  white.  Berries  dark 
brown,     Moifl  wood  land,     July^ 

It  is  planted  by  walls  and  buildings,  upon  which  it  will  af- 
cend,  fupporting  itfelf  by  a  fingular  kind  of  degitate  tendrils. 

viTis.     Linn.  Gen.  Plant.  250, 
Vitis  foliis  cordatis  dentato—ferratis  utrinque  nudls     Syil, 

Nat. 

GRAPE.     BlofToms  white.     Berries  white  or  purple.    Com« 

mon  in  moifl  land,  and  fwamps. 

DICYNIA. 
APOCYNUM.     Linn.  Gen.  Plant.  269, 
Apocynum  caule  re^mfculo  her baceo,  foliis  ovatis  utrmqiie  gla-^ 
hrisy  cymis  terminalibus,     ^y^,  Nat. 

DOGSBJNE,  Umbrella  weed,  Bloffoms  white,  llriped  with 
red.     Borders  of-  wood  land.     July, 

Apocynum  caule  ereBo  jriitejcente,  foliis  lanceolato — ovalibus^ 
corollis  acutis .:  fauce  viilofs,     Syfl.  Nat, 

RIVER  SWALLOWWORT.  BlolToms  yellowlfh  white.  At 
Winnipefoket  falls,  in  Providence-river,     July, 

AscLEPiAs.     Linn.  Gen.  Plant.  270. 

Afclepias  foliis  lanceolato — el  lip  t  if s,  caule  fjnplici  glabra ,  nec-» 
tarii corniculis  conniventibus.     Syfl.  Nat. 

SILKWEED* 


'^^^      Mr .  C  u  T  L  E  R*s  Account  of  ijidlgenous  Vegetable sZ 

SILKIVEED.     BlolToms   redifli.     Common  by  the  road  fides, 

<andin  palftures.     July. 

The  feeds  are  contained  in  large  pods,  and  are  crowned  with 
white  down,  extremely  fine  and  foft,  refembUng  filk,  which  has 
.occafioned  the  name  of  Silkweed.  It  may  be  carded  and  fpun  in- 
to an  even  thread,  which  makes  excellent  wickyarn.  The  candles 
will  burn  equally  fr^e,  and  afford  a  clearer  light  than  thofe  made 
.pf  cotton  wicks.  They  will  not  require  fo  frequent  fnuffing, 
and  the  fmoke  of  the  fnuif  is.  lefs  oifenfive.  The  texture  of  tlic 
down  is  weak,  but  fufficiently  ftrong  for. dipped  candles.  If 
greater  ftrength  fliould  be  neceffary,  a  fmall  quantity  of  cotton 
wool  may  be  mixed  with  the  down.  Large  quantities  may  be 
eafily  colledied,  and  the  tallow-chandlers  might,  doubtlefs,  be 
fupplied  for  lefs  than  half  the  price  of  cotton  yarn. 

Afclepias  foUis  ovath  fubtus  viilojis,  caule  fim^Uci^  umbellis 
ereBis^  neBariis  refupinatis.     Syft.  Nat. 

INDIAN  HEMP.     BlofTom^  rediHic     In  moiflland.     July. 

The  fibres  of  the .  bark  are  ftrong,  and  capable  of  being 
-wrought  into  a.  fine  foft  thread  j  but  it  is  very  difficult  to  fepa- 
rate  the  bark  from  the  ilalk.  It  is  faid  to  have  been  uied  by 
(the  Indians  for  bow-firings  <, 

Afclepias  foliis  lanceolatis  gldbris,  caule  fimplict,  umbellis  erec* 
_  iis  later alibus  folk ar its.     Syfl.  Nat. 

SWALLOWWORT.  Bloffoms  white.  About  fences  in  moijft 
?land.     July. 

Afclepias  foliis  lanceolatis,  caule  fuperne  divifo,  umbellis  ter^^ 
.minalibus  congejiis.     Syfl.  Nat. 

MONET  WORT.     BlolToms  purple.     In  old  fields.     July. 

CHENOPOPJUM* 
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CHENOPODIUM.     Linn.  Gen.  Plant.  273. 
Chenopodhimfoliis  ovatis  dentath  acutis,  racemis  ramofis  midis, 
Syft.  Nat. 

SOW  BANE.   Fruit  green  or  reddiili.     Alxjut  barns.     Augullc 

SALSOLA.     Linn.  Gen.  Plant.  275. 

Salfola  herbacca  decumbens,  foliis  fubidatu  fplnof.s  fcabris^ 
lalycibus  7narginatis  axiUaribus,     Syil.    Nat. 

KELPWORT,  Blolibms  greeniili.  On  the  fea  ihore.  Sep- 
tember. 

Salfola  herbacea  ereBa^  foliis fiibulatu  fpinofisicevibiis ,  calycibus 
ovatis,     Syft.  Nat. 

GLASSIVORT,  BlofToms  greenifli.     On  the  fea  fljore.     July, 

ULMUS.     Linn.  Gen.  Plant.  281.       - 
JJlmus  foliis  dupUcato-ferratis  :  baf  in^equalibus,     Syft.  Nate 

ELM.  Blolibms  in  broad-topped  fpikes.  Bark  of  the  trunk 
•Cracked  and  rough.     In  loamy  land,     April. 

A  decodion  of  the  inner  bark,  drank  freely,  is  faid  to  carry 
off  the  water  in  dropfies.  The  bark  dried  and  ground  to  powder, 
hath  been  mixed  with  meal,  in  Norway^  to  make  bread  in  times 
of  fcarcity. 

Elmiis  foliis  ceqtidliter  ferratis,  :  bafi  inaqualibus,     Syft.  Nat. 
SMALL  ELM,     Common  in  moift  land  and  fwampS. 


GOLDEN  FINE.  Calix  a  perianthium  wdth  five  fmall,  obti'ic 
fegments.  Ccrc/Zr?  one  petal  ;  bell-fhaped.  Limb  divided  in t3 
five  obtufe,  patent  fegments.  Stamina  five  eredt  filaments  ia- 
ferted  into  the  corolla  at  the  finufes  of  the  fegments.    Anther ^e 

F  f  f  fimpl^ 
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fimple.  Germen  large  ;  globular.  Stiles  two  ;  very  fliorto- 
Stigmata  fimplc.  Ca^fule  globular  ;  two  cells  ^  four  values. 
Seeds  two  -,  globular. 

The  flem  i^  of  the  fize  of  a  pack-thread  ;  twining.  It  is 
parafitical  >  attaching  itfelf  to  whatever  vegetable  is  next  to  it, 
by  numerous  papillae.  It  has  many  branches.  No  lea-ves. 
Bloffoms  in  bunches  ;  placed  in  the  axilla  of  the  branches  ; 
fnow  white,  Ccjmmon  in  hedges,  and  among  bufhes  in  moid 
ground.     July. 

SANICULA.    Linn.  Gen.  Plant.    289^ 
Sanicula  foliis  radicallbus   compofitis  :  foliolis  ovatis,       Syfi:,--. 
Nat. 

SJNICLE.     Bloflbms  greenifh.     By  ftone  walls,  and  among. 
bufhcs»     June. 

LASERPITIUM.     Lmn.  Gen.  Plant,  306. 
Lafei-pithim  foliolis  trilobis  incifs.     Syil.    Nat. 
GREAT  LASERWORT.    Wild  Angelica.  Bloflbms  white.    -Or^ 
high  land.     Not  common*     June. 

ANGELICA.     Linn.  Gen.  Plant.  309. 
Angelica  foliis  cequalibus  ovatis  incifo—ferratis.     Syft.  Nat*, 
ANGELICA.    American^  Majierwort,    Blolloms  greeni£h  white. 
Borders  of  fields  in  moiii  land.     July. 

It  is  warm,  acrid  and  aromatic.     The  tens  are  frequently 
candied  by  the  country  people. 

SIUM.    Linn.   Gen.  Plant.  310. 
Sium  foliis  pinnatis,  umbeilis  terminalibus.     Syfl.  Nat. 
WILD  PARSLEY^      Water   -parfnip,      Bloffoms   white.     Ib 
watery  places.     July. 

TRIGTNIA. 
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TRiGrmj. 

RHUS.     Linn.  Gen.  Plant.  331. 
Rhusfoliis  pnnatii  ovatis  acuminatis ferratis Jubtus  tomeiitofis^ 
Syft.  Nat. 

HAIkY  SUMACH,  BlolToms  greenilTi  white.  Fruit  fcarlet. 
About  fields.     July. 

'Rhusfoliis  pinnatis ferratis  lanceolatis  utrinque  ?judis.  Syfl. 
Nat. 

VELVET  SUMACH.  BlofToms  greenifli  white.  Fruit  in 
large,  ovate,  clofe  panicles  ;  crimfon.  Common  in  a  loamy 
foil.     July. 

Rhus foliis pinnatis  integerrimis,  petiolo  membranaceo  articulate. 

Syft.  Nat. 

DWARF  SUMACH.  BlofToms  greeniili  white.  Panicles  open. 
Fruit  pale  red.     In  rocky  ground.     July. 

Thefe  fpecies  of  Sumach  are  moderately  aftringent.  An  in- 
fufion  of  the  berries,  fweetened  with  honey,  is  fometimes  ufed 
for  a  gargle  in  fore  throats,  and  for  cleanfmg  the  mouth  in  putrid 
fevers.  The  country  people  employ  them  in  feveral  kinds  of 
dyes.  With  copperas  or  vitriol  they  give  a  good  black  ;  but 
It  foon  grows  rufty.  They  are  ufed  in  the  preparation  of 
Mo?'occo  and  other  leather.  Carver  fays,  the  Indians,  in  order 
to  render  their  tobacco  more  agreeable  in  fmoking,  mix  with 
it  equal  quantities  of  the  leaves  of  Suriiach. 

Rhus  foliis  pinnatis  integer rimis,  petiolo  integro.  Syft. .  Nat. 
Arbor  Americana  alatis  foliis fuceo  venenato.  Plukenet.  T'oxico- 
dendron  foliis  alatis,  fruclu  pur  pur  eo  pyriformi  fprrfo.    Cateiby. 

POISON  WOOD.  SiJoamp  Sumach,  BlofToms  whitifh.  Panicles 
open.  Fruit  yellowiih  >  fmall  -,  pair-fhaped.  Common  in 
fwamps.     June. 

Fff2  The 
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The  milky  juice  ftains  linen  a  dark  brown.  The  whole 
fhrub  is,  in  a  high  degree,  poifonous  tO'  certain  conftitutions. 
The  poifon  will  be  communicated  by  touching  or  fmelling  any 
part  of  the  fhrub.  In  about  forty-eight  hours  inflammation 
appears  on  the  furface  of  the  fkin,.  in  large  blotches  >  principally 
on  the  extremities,  and  on  the  glandulous  parts  of  the  body.. 
Soon  after,  fmall  puliules  rife  in.  the  inflamed  parts,  and  fill 
•with  watery  matter,  attended  with  very  confiderable  burning 
and  itching.  In  two  or  three  days  the  eruptions  fuppurate  ; ' 
after  which  the  inflammation  fubfides,  and  the  ulcers  heal  in  a 
fhort  time.  It  operates,  however,  fomewhat  diflferently  in  dif- 
ferent conftitutions  ;  and  wliat  is  fingular,  fome  conftitutions 
are  incapable  of  being  poifoned  with  it  at  all.  It  has  been 
obferved,  that  perfons  of  irritable  habits  are  the  mofl  liable  to 

receive  it. 

.>/■' 

Rhusfolils  t emails :  f (Atolls  fetlolatls  ovatls  nudls  Integerrlmisy 
eaule  radicante.     Syft.  Nat- 

CREEPING  ivr.     Bloflbms  whitifh.     In  meadows.     June* 
The  juice  will  ftain  linen  a  deep  black.     It  is  lefs  poifonoua 
than  the  Poifon  Wood. 

The  Abbe  Sauvages  ftained  linen  a  black  colour  with  the 
juice  of  the  I'oxkodendron  CaroUniarum  foliis  phmatls,  foribus 
minimis  herbacelsy  which  it  retained,  notwithftanding  a  great 
number  of  wafhings  in  lye.  The  juice  adhered,  without  the 
leaft  acrimony,  to  ths  cloth,  with  more  force  than  any  other 
known  preparation.  The  Abbe  Mazeas  made  trial  of  the  juice 
of  the  Hedera  trtfoUa  Canadenjls.  Corn.  The  inftant,  he  fays^ 
the  cloth  was  expofed  to  the  fun,  it  became  the  fineft  black  he 
had  ever  feen.     It  was  put  into  a  boil  of  foap,  and  after  being 

dried> 
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dried,  into  a  Arong  lye  of  aflies,  but  neither  of  them  made  the 
leall  alteration.  Mr.  Philip  Miller  fays,  the  American  Toxicor 
dendron,  with  the  juice  of  which  the  Abbe  Sauvages  flained 
his  linen,  is  the  fame  fpecies  of  plant  from  which  the  inhabi- 
tants of  Japan  procure  the  varnifli  with  which  they  flain  all 
their  utenfils  :  and  recommends  it  to  the  inhabitants  of  the 
(then)  American  colonies  to  coUeft  this  varnifh,  which,  he 
fays,  may  not  only  produce  much  profit  to  themfelves,  but  alfo 
become  a  national  advantage.  But  Mr.  John  Ellis  infifts  upon 
there  being  a  difference  in  their  fpecific  charaderS.  [Philof. 
^ranf.  Royal  Society,     Fol.  xlix.  p,  i ^y,   i6i,   866.] 

The  leaves  of  fome  of  our  Poifon  Wood  trees  are  entirely  fimi- 

lar  to  Dr.  Kampfers  figure  .of  the  Sitz,  vel  Sitz  dfju,  vulgo  urus 

feu  urus  noki.  Arbor  vernicifera  legitima  folio  pinnato,  fuglandis 

frudlu,  recemofo  Ciceris  facie  :  and  the  only  difference  between 

the  leaf  of  one  fpecies  of  ouf  Sumach  and  the  leaf  of  the  varnifh 

tree,  raifed  from  feeds  fent  to  the  Royal  Society,  is,    that  the 

middle  part,  and  not  the  bafe  of  the  leaf  of  Sumach,  is  ferrated. 

Confidering  the  great  profits  that  have  accrued  from  the  varnifli 

tree,  to  the  two  large  empires  of  China  and  Japan,  and  the 

advantages  of  a  deep,   permanent   and  incorrofive  black  dye,  it 

mufl  be  thought  worth  vv^hile  to  make  experiments  on  all  our 

fpecies  of  the  Hedera  and  Rhus.     If  we  fhould  fail  of  fuccefs 

with  refpect  to  the  native  plants,  there  can  be  no  doubt  but 

that  the  varnifh  tree  of  Japan,  could  the  feeds  be  procured  in 

a  vegetitive  flate,  would  fiourilh  in  Ame7'ica. 

VIBURNUM.     Linn.    Gen.  Plant.  332. 

Viburnum   foliis   cordatis  ferratis  'venojis   luhtus   tomentofis. 
Syfl.  Nat. 

MEALTREB, 
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ME  ALT  REE,  Bloflbms  white.  Berries  black.  In  moift 
\vood  land.     June. 

Viburnum  foliis  lobatis,  pctioUs  glandulojis.     Syfl.  Nat. 
WATER  ELDER.   BlolToms  white.  Berrier  red.    In  ..yloucejier, 
m  wet  land.     June. 

CASSINE  ?    Linn.  Gen.  Plant.  333. 

Cajine  foliis  oblongis ferratis .     Syft.  Nat. 

JVINTERBERRT.  The  number  of  filaments  is  from  five  to 
feven,  and  the  number  of  feeds  equal  to  the  number  of  nlaments. 
Blolfoms  white.  Berries  red,  and  generally  remain  on  the 
fhrub  through  the  winter.     In  fwamps.     June. 

SAMBUCUS.     Linn.  Gen.  Plant.  334. 
Sa?nbucus  cymis  quinquepartitisy   caiik  arboreo.      Syfl.    Nat. 

ELDER,  Bloffoms  white.  Berries  black.  In  fwamps,  and 
moifl  land.     May. 

Dr.  Withering  obferves,  that  the  inner  green  bark  is  purga- 
tive, and  may  be  ufed  with  advantage  where  acrid  purgatives  are 
requifite.  In  fmall  dofes  it  is  diuretic,  and  hath  done  eminent 
fervice  in  obflinate  glandular  obflrudtions,  and  in  dropfies.  If 
iheep  that  have  the  rot  are  placed  in  a  lituation  where  they  can 
get  at  the  bark  and  the  young  fhoots,  they  will  foon  cure  them- 
felves.  The  leaves  are  purgative  like  the  bark,  but.more  naufe- 
-ous.  The  inner  bark  and  leaves  are  ingredients  in  feveral  cool- 
ing ointments.  A  decodtion  of  the  flowers,  taken  internally, 
is  faid  to  promote  expectoration  in  pleurifies.  If  the  flowers 
are  frefh  gathered,  they  lookn  the  belly.  Externally,  they  are 
ufed  in  fomentations  to  eafe  pain  and  abate  inflammation. 
They  will  give  a  flavour  to  vinegar.     A  rob  prepared  from  the 

berries 
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berries  is  a  gentle  opener,  and  promotes  perfplration.  An  infu- 
iion  of  the  dried  berries  is  given  to  children.  The  flowers  kill 
turkeys,  and  the  berries  are  poifonous  to  poultry.  The  frefla 
leaves  laid  round  young  cucumbers,  melons  or  cabbages,  are  a 
good  prefervative  againft  worms  and  infedis.  It  is  faid,  if  tur- 
nips, cabbages,  fruit  trees  or  corn,  (which  are  fubjedl  to  blights 
from  a  variety  of  infedts)  are  whipped  with  the  green  leaves  and 
branches  of  Elder,  the  infeds  will  not  attack  them.  The  green 
leaves  are  faid  to  drive  away  mice. 

ALSINE.     Linn.  Gen.  Plant.  342. 
Alfme  pet  alls  bipartitisy  foliis  ovato — cordatis.     Syft.   Nat. 

CHICKfVEED.  Leaves  oppofite.  BlofToms  white  ;  open  about 
nine  in  the  morning,  and  clofe  at  noon.  Common  in  gardens, 
and  rich  cultivated  ground.     June — September. 

If  it  be  boiled  when  young,  it  can  hardly  be  diftingulflied 
from  fpring  fpinach.  What  is  called  the  lleep  of  plants  is 
very  apparent  in  the  Chickweed.  At  night  the  leaves  approach, 
in  pairs,  fo  near  as  to  inclofe,  within  their  upper  furface,  the 
rudiments  of  the  young  flioots  and  the  ends  of  the  branches. 
As  the  dew  goes  off  in  the  morning  they  expand. 

PENTj^GI^NIjI. 
ARALIA.     Linn.  Gen.  Plant.  346. 
Aralia  caule   petiolijque   aculeata,  foliolis  inermibus  villojis, 
Syft.  Nat. 

BERRY-BEARING  ANGELICJ.       Shot  Blljh.       Pigeon    Weed. 
•  BlofToms  white.     Berries  black.     Common  in  new  plantations. 

July- 

Aralia  caule  foliofo  herb  a  ceo  lavi.     Syft.  Nat. 
-    ~    .  PETTrMORREL, 
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PETTTMORREL.  Life  of  Man.  Bloflbms  greenifli  white. 
Berries  black.     In  moift,  rich  wood  land.     July. 

It  is  aromatic.  The  berries  give  fpirits  an  agreeable  flavour. 
The  bark  of  the  root  and  berries  are  a  good  floinachic.  It  is 
faid  to  have  been  much  ufed  by  the  Indians  for  medical  pur- 
pofes. 

Jlralia. 

SARSAPARILLA.  The  roots  extend  a  long  way  jufl  under  the 
furface  of  the  ground.  Stems  naked  -,  divided  into  three  leaf- 
ftalks.  Leaves  ovate  ;  acuminated  ;  lerrated  j  three  or  live  on  a 
leaf-flalk,  in  a  winged  form.  BlolToms  in  a  globular  umbels 
rifmg  from  the  axilks  of  the  leaf-lialks  y  white.  Bernes  red. 
Common  in  loamy  wood  land.     May. 

The  roots  are  aromatic  and  nutritious.  -  They  ha"v^  been  found 
beneficial  in  debilitated  habits.  It  is  faid  the  Indians  would  fub- 
Hft  upon  them,  for  a  long  time,  in  their  war  and  hunting  ex- 
curfions.     They  make  an  ingredient  in  diet  drinks. 

STATICE  ?     Linn.  Gen.  Plant.  348. 

Statice  caule  nudo  paniculato   teretij  foUis   Icevibus.      Syft. 

Nat. 

MARSH  ROSEMARY.  Bloflbms  blue.  Common  in  marches* 
July. 

The  roots  are  powerfully  aftringent.  A  decodiion  of  them 
is  given,  and  ufed  as  a  gargle,  with  fuccefs,  in  cankers  and  ul- 
cerated fore  throats. 

DROSERA.     Linn.  Gen.  Plant.  351. 
Di'ofera  fcapis  radicatis,foIiis  orbiculatls .     Syft.  Nat. 
SUNDEW.     Rofi  So/is,      BlolToms  white.     In  mofly  mea- 
dows^    July— 'Augufl, 
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The  whole  plant  is  fufficiently  acrimonious  to  erode  the  ikin« 
But  Dr.  Withering  fays,  fome  ladies  know  how  to  mix  the 
juice  with  milk,  fo  as  to  make  it  an  innocent  and  fafe  application 
to  remove  freckles  and  funburn.  The  juice  will  deftroy  warts 
and  corns.  If  the  juice  be  put  into  a  llrainer,  through  which 
the  warm  milk  from  the  cow  is  poured,  and  the  milk  fet  by 
for  a  day  or  two  to  become  acefcent,  it  acquires  a  confiftancy 
and  tenacity — neither  the  whey  nor  the  cream  will  feparate. 
In  this  ftate  it  is  ufed  by  the  inhabitants  in  the  north  of  Sweden^ 
and  called  an  extremely  grateful  food. 

HEXANDRIA. 

MONOGTNIJ. 
PONTEDERIA.     Linn.  Gen.  Plant.   361. 
Pontederiafoliis  cordatisy  Jioribus  fpicatis .     Syft.  Nat. 
PICKERELWEED.     Blue  Spike.     BlofToms  blue.     Common 
on  the  borders  of  ponds  and  rivers.     July. 

LILIUM.     Linn.  Gen.  Plant.  371. 

Lilium  foliis  verticillatis,  jioribus   refexis,    corolUs   r^volutis. 
Syft.  Nat. 

MART  AGON,  Curl-Jlowered  Lily .  BloiToms  yellow,  fpotted 
with  black.  In  Taunton,  and  very  common  in  the  ftate  oi 
Rhode-IJland.     July-— Auguft. 

LiUum foliis  verticillatisy  Jioribus  rejlexis,  corollis  campanulatis , 

Syft.  Nat. 

YELLOW  LILY.  Bloilbms  yellow,  with  black  fpots.  Com- 
mon in  meadows.     July — Auguft. 

Lilium  foliis  verticillatis,  fore  ere5lo,  corolla  campanulata, 

Syft.  Nat, 
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RED  LILT.  Bbflbms  red,  fpotted  with  black.  Commoa 
on  borders  of  meadows.    July. 

UVULARIA.     Linn.  Gen.  Plant.  373. 

XJvulariafoliis fejjilibus,     Syft.  Nat. 

BELLWORT.  Sweet-fmelhng  Solomon's  Seal.  ]2iCoh\  Ladders 
BlofToms  whitifh.     Common  in  wood  land.     May. 

The  young  (hoots  may  be  eaten  as  afparagus.  ThC' roots  are 
nutritious,  and  are  ufed  in  diet-drinks. 

ORNITHOGALUM.     Linn.  Gen.  Plant,  ^yj, 
Ornithogalum  fcapo  angulofo   diphylloy  fcdunculis  umbellatis 
JimpUcibus.     Syft.  Nat. 

BETHLEMSTJR.  BlofToms  yellow.  Common  in  grafs  land 
and  amongft  buflies.     May. 

The  bulbous  roots  are  nutritious  and  wholefome.  It  makes 
beautiful  edgings  for  borders  in  gardens. 

CONVALLARL^.     Linn.  Gen.  Plant*  3^3. 

Convallaria  foliis  amplexicaulibus  plurimisy  racemo  terminali 
ftmplici?     Syft.  Nat. 

SOLOMON'S  SEAL.  Leaves  alternate,  and  are  rather  feffile  than 
embracing  the  flem.  Bloffoms  white.  Berries  red,  or  black. 
In  rich  wood  land.     May. 

The  young  ihoots  may  be  eaten  as  afparagus.  The  roots 
are  nutritious. 

Convallaria  foliis  cordatis.     Syft.  Nat. 

HAREWORT.  Adder  5  Tiongue.  One  radical  leaf ;  two  ftem- 
leaves.  BlofToms  white.  Berries  red.  Common  amongft 
bufhes  in  moift  land.     May. 

In  this  plant  we  have  an  iiiftance  of  the  wrong  application 
of  an  EngliJJ:  name. — It  is  called  Adders  Tongue,  and  miftaken 

for 


botanicdlly  arranged^  v^,^^ 

for  one  of  the  ferns^    which   is    known  by   that  name   in 
England, 

ALETRIS.    Linn.  Gen.  Plant  387. 
Aletris Jloribus  ere5tis.     Syft.  Nat. 

UNICORN.     BlofToms  white.    On  high  land  in  KillingUy,  in 
the  flate  of  ConneBiait,    July. 

It  is  faid  to  be  ufeful  in  chronic  rheumatifms. 

ACORUS.     Linn.  Gen.  Plant.  392. 
SWEET  FLAG,     Spicewort,    The  leaves  are  thick  ;  narrow  i 
two-edged.     Bloflbms  greeni{h.     Common  in  watery  places. 

July. 

The  roots  and  bloflbms  are  aromatic  and  pungent.  The 
dried  roots  are  carminative.  They  are  frequently  grated  into 
water,  and  given  to  children  for  pain  in  the  ftomach  and  bowels. 
The  T^urks  candy  the  roots,  and  think  they  are  a  prefervative 
againft  contagion. 

BERBERIS.     Linn.  Gen.  Plant.  399. 

Berber  is  peduncults  racemofis.     Syft.  Nat. 

BARBERRT.  Pipperidge  Bupo,  BlofToms  yellow.  Common. 
July. 

The  berries  are  ufed  for  pickles.  Boiled  with  fugar,  they 
form  a  moft  agreeable  jelly.  They  are  ufed  likewife  as  a  dry 
fweet-meat,  and  in  fugar-plumbs.  An  infufion  of  the  bark  in 
white  wine  is  purgative.  The  roots  boiled  in  lye  dye  wool 
yellow.  In  Poland^  they  dye  leather  of  the  moft  beautiful 
yellow  with  the  bark  of  the  root.  The  inner  bark  of  the 
ftems  dyes  linen  of  a  fine  yellow,  with  the  afliftance  of  alum.  It 
is  faid,  that  rye  and  wheat  will  be  injured  by  this  ftirub,  at  the 
diftance  of  three  or  four  hundred  yards  5   but  only  when  it  is 
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in  bloflbm,  by  means   of  the  farina  fcecundans  being  blown 
upon  the  grain,  which   prevents  the  ears  from  filHng. 

TRIGTNIJ. 
RUMEX.     Linn.  Gen.  Plant.  407, 
Rumex  foribiis  Jjermaphroditis  :  vahulis  integris  graniferisy, 
foliis  lanceolatis  iindulatis  acutis.     Syft.    Nat, 
CURLED  DOCK..    In  fields.     July. 

Kumex  fori  bus  bermapjyroditis  :  vahulis  dent  at  is  nudis^. 
^pedicelUs  planis  refiexis.     Syft.    Nat. 

NARROW  DOCK.     About  barns  and  in  fields.     July. 

The  roots  of  both  thefe  fpecies  are  fomewhat  cathartic.  The 
.feeds  are  faid  to  have  been  given  with  great  advantage  in  the 
dyfentery.  The  frefli  roots  bruifed  and  made  into  an  ointment^ 
or  decod;ion,  cure  die  itcho 

Rumex  foribus   hermapkrodiiis  :  vahulis  integerrimis  nudis 

foliis  cordatis  glabris  acutis.     Syft.  Nat. 

WATER  DOCK.  In  muddy  bottom  brooks.  Not  common.  July, 

The  Indians   ufed  this   root  with  great  fuccefs  in  cleanfing 

foul  ulcers*     It  is  faid  they  endeavoured  to  keep  it  a  fecret  from 

the  Europeans.     Dr.  Withering  fays,  he  iaw  an  ill-conditioned 

ulcer  in  the  mouth,  which  had  deftroycd  the  palate,  cured  by 

v/alliino:  the  mouth  with  a  decodtion  of  this  root,  and  drink- 

ing  a  fmall  quantity  of  the  fame  decodtion  daily. 

Not  having   opportunity  to  examine   this    plant   fince   Dr. 

Withering  %  Botany  came  into  my  hands,   the  circumftances  he 

mentions,  refpecfting  the  American  and  Britifi  fpecies,  have  not 

been  particularly  attended  to.    At  the  time  it  was  examined,  it 

appeared  to  correfpond  v/ith  the  fpecific  charad:ers  of  Linnaus^ 

which  are  here  given, 
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Rumex foribus  dioicisy  foltis  oblongis fagittatis,     Syft.  Nat. 
SORREL.     Common  in  old  fields..    June. 

MELANTHIUM.     Linn.  Gen.  Plant.  410. 
M^lanthium  petalis  unguiculatis.     Syfl.  Nat. 

^AFFIDILLA.  BlofToms  greenifh  yellow.  In  moill  ground. 
Not   common.     May. 

MEDEOLA.     Linn.  Gen.  Plant.  411. 

Medeola  foltis  vertictllatis ,  ramis  inermibus.     Syfl.  Nat. 

INDIAN  CUCUMBER,  BlolToms  green ifli  yellow.  In  rich 
wood  land.     June. 

The  roots,  which  are  of  a  conic  form,  are  eifculent  and  of 
an  agreeable  tafte.  The  Indians  made  them  a  part  of  their 
"food. 

POLXGYNIA. 
ALISMA.     Linn.   Gen.  Plant.  418. 
Alifma  foU'is  ovatis  aciitis,  fruBibus  obtufe  trigonis.     Syfl, 
Nat. 

WATER  PLANTAIN.  BlolToms  white,  with  yellow  anther(£. 
In  Vv^et  places.     June. 

HEPTANDRIA. 

MONOGYNIA. 
TRIENTALIS.     Linn."  Gen.  Plant.  419. 
T^rientalis  foliis  lanceolatis  integemnis.  '  Svfl.  Nat. 

WINTERGREEN.  BIoiToms  white.  Common  in  wood  land. 
May. 

octandria. 

CA'.'A\    MONOGTNIA. 

RHEXIA.     Linn.  Gen.  Plant;  423^.*'  '^^    '    ^ 

'Rhexiafoliisfejjinbiisferratis,      Syft.   Nat.         ' 

ROBINHOQD. 
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ROBINMOOD.  Leaves  hairy.  BIolToms  pale  red.  In  moifl 
ground.     July — Auguft. 

OENOTHERA.     Lmn.   Gen.  Plant.  424. 

Oenothera  foliis  ovatq — lanceolatis  planis.,  caule  Icevifubvillojo-, 
Syft.  Nat. 

SUNDROP.  Blollbms  in  a  kind  of  fpike  ;  yellow.  They 
open  about  eleven  o'clock,  and,  commonly,  not  more  than  one 
on  the  iame  day.     In  wet  meadows.     June. 

Oenothera  kirta^  foliis  fupr a  glahris.     Syft.  Nat. 

PRIMROSE.  Leaves  oblong  -,  ferrated.  BlofToms  in  a  large 
ipike  ;  terminating;  yellow.     Common  in  old  fields.     July. 

This  plant  is  very  generally  known  by  the  name  of  Scabious, 
and  feems  to  have  been  miflakcn  for  the  Scabiofa  arvenfis  of 
Linnctus.  No  fpecies  of  Scabious  has  been  found  native  in  this 
part  of  the  country. 

EPILOBIUM.     Linn.  Gen.  Plant.  426. 

Epilobium  foliis  Jparfs  lineari — lanceolatis.     Syft.   Nat. 
WILLOWHERB,    Stamina  ere6l.     BIolToms  in  a  long  difFuic 
fpike  ;  purple.     By  fences  in  moift  land.     July. 

Rpilobiwn  foliis  oppojitis  lanceolatis  integerrimisy  petalis  emar- 
^inatis,  caule  ereSlo,     Syft.  Nat. 

MEADOW  WILLOWHERB,  Blofl^ms  reddi(h.  Moift  land, 
July. 

VACCINIUM.    Linn.  Gen.  Plant.  434. 

The  fpecies  of  this  genus  are  generally  known,  and  are  too 
many  to  admit  a  particular  defcriptwn  in  this  paper.  The  fol- 
lowing are  indigenouse 

The 


botanically  arranged.  4^0 

The  Black  Whortleberry.  The  Bilberry  or  Blueberry.  Thefc 
ftirubs  are  low  when  they  grow  on  high  land,  but  tall  in 
fwamps.  The  White  Whortleberry,  The  Red  Whortleberry. 
The  fruit  of  thefe  fpecies  are  agreeable  to  children,  either  eaten 
by  themfelves,  or  in  milk,  or  in  tarts  and  jellies.  The  Choke 
Whortleberry.  The  fruit  is  unpalatable  ;  but  its  great  degree 
of  aftringency  may,  one  day  or  other,  recommend  it  to  the  at- 
tention of  phyficians.  The  Craneberry,  or  Mofsberry.  Thefe 
berries  make  an  agreeable  tart.  By  drying  them  a  little  in  the 
fun,  and  then  putting  them  in  a  clofe  vefTel,  or  flopping  them 
up  in  dry  bottles,  they  may  be  kept  good  for  many  years. 

TRIGTNIA, 

POLYGONUM.     Linn.   Gen.  Plant.  445. 

Polygonum  caule  fimplicijjimo  monoJlachyo,foliis  ovatis  in  peti- 
dum  decurrentihus.     Syfl.  Nat. 

BISTORT.  Snakeweed.  BlofToms  red.  In  wet  meadows. 
AugufI:. 

The  root  is  faid  to  be  one  of  the  ftrongeft  vegetable  aftrin- 
gents. 

Polygonum  foribus^  ■  hexandris  femidigynis,  foliis    lanceolatis, 
ftipuUs fubmuticis .     Syft.  Nat.' 

ARSMART.  Water  Pepper.  BlofToms  white.  Common 
both  in  dryand  moifl  land.     Aiigufl. 

It  occafions  fevere  fmarting  when  rubbed  on  the  flefh.  The 
tafteis  -acrid^nd  burning.  It  dyes  wool  yellow.  Dr.  Wither- 
ing fays,  it  cures  little  aphthous  ulcers  in  the  mouth. — That 
the  afhes  mixed  with  foft  foap  is  a  noilrum,  in  a  few  hands, 
for  diffolving  the  fro ne  in  the  bladder  5  but  perhaps-  not  pre- 
ferable to  othercauflid  preparations  of  the  vegetable  alkali. 

Polygonum' 
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■j.  Bolygonum  jloribus   hexandris,  digynis,  fpicis  ovato-obJongis, 
f(iliis.\lanceolatisy  Jlipulis  ciliatis.     Syfl.   Nat. 

.  HEARTSEASE'  Spotted  Arfmart,  The  leaves  have  a  dark 
fpot  on  tiieir  upper  furface,  in  form  of  a  crefcent.  BlolToms 
reddiili  vs^hite.     Common  about  barns.     Augufl. 

It  will  dye  woollen  cloth  yellow,  after  the  cloth  has  been 
dipped  in  a  folution  of  alum. 

Polygonwn  Jloribus  octandris  trigynis  axUIaribuSyJoliis  lanceo^ 
tat  is,  caiile  procumbentc  herbaceo.     Syft.  Nat. 

ktfO'TGRASS'i  BlofToms  reddifh  Vv^hite.  Common  by  the 
road  fides.     June — September. 

Polygonu??t  foliis  fagittatisy  caule  aculeato.     Syft.  Nat. 
SICKLEJVEED.     Bearded  Arfmart.     BlolToms  white,   tinged 
with  red.     In  wet  meadows.     Auguft. 

:_^  Polygonum  Joliis  ccrdatis,  caule  volubiliy  Jloribus  planiufculis , 
Syft.  Nat. 

BLACK  BINDWEED.  Wild  Bean.  BlolToms  greeni/h  white. 
About  barns  and  in  corn  fields.     July — Auguft. 

ENNEANDRIA, 

MONOGYNIA. 
LAURUS.    Linn.  Gen.  Plant.  452. 

Xjaurus  foliis  enerviis  ovatis  utrinque  acutis  integer  is  annuls, 
Syft.  Nat. 

FEVER  BUSH.  Bloffoms  yellowifh.  Berries  red.  Common 
m  moift  land.     May. 

This  .ftirub  is  aromatic.  A  decodion  of  the  fmall  twigs 
makes  an  agreeable  drink  in  flow  fevers,  and  is  much  ufed  by 
the  country  people.  It  is  faid  the  Indians  efteemed  it  highly 
fa  its  medicinal  virtues.  Laurus 


hotanlcally  dr ranged.  4^1 

Laurus  foliis  trilobus  integri/que^     Syft.  Nat. 

SASSAFRAS.  BlolToms  greenifh  white.  Common  in  loamy 
land.     May. 

It  is  generally  a  fhrub,  but  fometimes  grows  into  a  large  tree. 
The  leaves  fall  early.  The  bark  of  the  tree  is  aromatic,  and 
has  been  fubftituted  by  people  in  the  country  for  fpice.  It  is 
faid,  that  bedfteads  made  of  this  wood,  will  never  be  infefted 
with  bugs.  It  is  faid  to  be  an  excellent  diuretic  and  diapho- 
retic, and  therefore  efficacious  In  obflrudions  of  the  vifcera, 
cachexies,  fcorbutic  complaints  and  in  the  venereal  difeafe.  An 
infufion  of  the  bark  of  the  roots  makes  a  grateful  drink.  A 
very  pungent,  hot  oil  is  extradied  from  it,  which  is  faid  to  pof- 
fefs  mofl  of  the  virtues  of  the  wood.  It  has  been  exported  in 
confiderable  quantities  to  Europe. 

DECANDRIA, 

MQNOGTNIA. 


PANTHEON.  American  Senna.  The  Calixy  if  properly  any, 
a  narrow  hufky  border.  Corolla  three  petals  Handing  in  a  pa- 
pilionaceous form.  Vexillum  very  large  ;  eredl  ;  flightly  divid- 
ed into  three  fegments.  Ala:  narrow  j  obtufe  ;  as  long  as  the 
vexillum.  Carina  none.  Stamina  ten  filaments  ;  ered:  ;  fe- 
parate  ;  longer  than  the  corolla.  Antherce  orbicular.  Germen 
ovate  ;  hairy.  Stile  cylindrical  ;  longer  than  the  ftamina. 
Stigma  capitate  ;  fending  off  feveral  long  hairs.  Capfuk  ovate  -, 
five  valves  ;  five  cells.     Seeds  many  3  fmall. 

It  is  a  fmall  fhrub.  Leaves  fpear-fhaped,  and  do  not  com- 
monly appear  until  the  fhrub  is  in  full  bloom.  BlofToms  in 
tufts  at  the  termination  of  the  branches  ;  bluifh  purple,  cloud- 
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cd  with  dark  red.  It  makes  an  elegant  appcArdiice  amort gfl 
flowering  (hrubs  in  gardens.  On  the  declivity  of  hills  near 
fwamps.     May. 

MONOTROPA.     Li^n.  Gen.  Plant.  47';. 
'Monotropa  caule  unifioroy  Jlofe  decandro.     Syil.  Nat. 
BIRDSNEST.     filofloms  yellow.     About  Grettt  OJ/apy  pond^ 
in  the  flate  of  New-Hampfiire.     Jtily. 

JUSSI^A,     Linn.  Gen.  Plant.  478. 

WOOD  PLJNTJIN.  Rattle-Snake  Plantain.  The  germen 
within  the  corolla.  The  other  characters  agree  with  Linnaiiss 
defcription.  The  ftems  are  ered:,  with  only  one  or  two  fmali 
leaves 5  five  petals  in  the  flowers.  Radical  leaves  large;  ovate  1 
flightly  indented  ;  fpreading  on  the  ground.  BloiToms  in  open 
ipikes  ;  terminating  3  greenifh  white.  In  rich  wood  land^ 
June. 

It  is  fiid  to  cure  the  bite  of  a  rattle-fnake,  by  applying  the 
chewed  leaves  to  the  wound,  and  fwallowing  a  quantity  of  the 
juice.  It  commonly  grows  plentifully  near  their  dens.  Where- 
ever  thefe  dangerous  ferpents  haunt,  nature  feems  to  have  pro« 
vided  an  effed:ual  antidote  againll  their  venom ^ 

KALMIA.     Linno  Gen.  Plant.  482. 

Kalmia  fol'is  o^atisy  corymbis  terminalihus.     Syil.  Nat. 
GREAT  LAURKL.     Winter  green.    Spoonhaunch.       BloiToms 
'^hite,  tinged   with  red.     In  moill,    rocky  paflures.     June— - 

July. 

The  Indians  are  faid  to  have  made  fmall  difhes,  fpoons,  and 
♦Other  uteulils,  out  of  the  roots.  They  are  fomctimes  employ- 
M.  by  people  in  the  country  for  iimilar  purpofes.   1  hey  are  large, 

of 
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of  a  foft  texture,  and  eafily  wrought  when  green  ;  but  whe^ 
thoroughly  dry,  become  very  hard  and  fmo.oth.  Under  cuU^r 
vation  it  makes  a  mofl  beautiful  flowering  fhrub. 

Kalmia  foWs  lanceolatisy  corymUs  lateraUbus»      Syft.  Nat. 

WINTERGREE^.  Divarf  LaureL  Ivy.  LambkilL  It  is 
an  ever-green.  Bloflbms  variegated.  Common  in  cold^  wet 
land.     June — ^July. 

If  the  leaves  are  eaten  by  fheep,  they  prove  fatal.  Sonie 
have  fuppofed,  it  is  not  owing  to  any  poifonous,  but  an  indi- 
geftive  quality  in  the  leaves,  occafioned  by  the  large  quantity  of 
refin  they  contain.  Others  fay,  that,  in  many  inftances,  none 
of  the  leaves  are  found  in  the  flomach,  but  evident  marks  of 
corofive  poifon.  It  makes  an  elegant  appearance,  properly 
difpofed  amongfl  other  flowering  fhrubs,  in  a  border.  But  its 
being  fo  common,  and  the  difadvantage  it  ufually  appears  under 
in  a  wild  ftate,  have  prevented  its  being  introduced  into  gar- 
dens. 

ANDROMEDA.     Linn.  Gen.  Plant.  485, 

Andronieda  racemis  fecundis  7iud'is,    corolUs   rofundo-o'vatis, 

Syfl:.  Nat. 

JVHJTE  PEPPERBUSH.       Bloflx^ms    white.       Common   in 

fwamps.     June. 

It  is  generally  called  Ofier,  which  is  the  'Englifh  name  of 
the  Salix  viminalis  of  Li?inmiSy  one  of  the  fpecies  of  the  Wil- 
low, It  is  ufed  for  filh-flakes,  and,  as  the  v/ood  is  very  hard 
and  durable,  is  one  of  the  beft  ihrubs  employed  for  that  pur- 
pofe, 

Andromeda. 

CARD  ROBE.  Bog  Ever -green.  Fruit-fl:alks  fingle  ',  in  the 
iixlll^  of  the  leaves.     Corolla  ovate.     Leaves  lanceolate  >  aU 

H  h  h  a  ternate» 


444      ^^'  CuTLER*s  Account  of  indigettous  Vegetables, 

ternate.     Bloflbms   pendent  -,    white.     Common  in  fens  and 
quagmires.     April — May. 

ARBUTUS.     Linn.  Gen.  Plant.  488. 

Arbutus  caule  ereBo,  folUs  glahtis  integerrhnls,  baccis  poly^ 
Jpermis.     Syft.  Nat. 

FOXBERRT.  Checkerbsrry ,  BloiToms  white.  Berries  red. 
Common  in  pine  and  fhrub  oak  land.  It  blooms  in  July  and 
Auguft,  but  the  fruit  is  not  ripe  until  the  next  fpring. 

It  is  in  a  very  fmall  degree  aromatic.  The  leaves  are  much 
celebrated  by  the  common  people  as  a  diuretic  and  fweetner  of 
the  blood,  but  are  of  very  little  efficacy.  It  makes  an  ingre- 
dient in  their  diet-drinks.  The  berries  are  rather  of  an  agree- 
able taile,  and  are  fometimes  eaten  by  children  in  milk. 

CLETHRA.     Linn.  Gen.  Plant.  489. 

SWEET  PEPPERBUSH.  A  fhrub.  Leaves  inverfely  ovate  i 
ferrated.  BloiToms  in  long  fpikes  ;  terminating  -,  white.  Com- 
mon in  moill  land  and  fwamps,     July — Auguil. 

PYROLA.     Linn,  Gen.  Plant.  490. 
Pyrolajiaminibus  adfcendentibus,  piJUllo  declinato.    Syft.  Nato 
CONSUMPTION-ROOT.      Bloffoms    v/hite.      In  wood    land^ 
July. 

Pyrola  Jloribus  racemojis  difperjls,  Jl'amimbus  pijiillifque  r edits. 
Syft.  Nat. 

RHEUMATISM-WEED.     BloiToms  pale  red.     In  wood  land. 
It  abounds  near  White -Mountains, 

It  is  faid  to  have  been  confidered  by  the  Indians  as  an  effec- 
tual remedy  in  rheumatifmSo 

FALSEVINE. 
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FALSEVINE.  The  calix  is  a  permanent  perianthium  of  one 
leaf  ;  bell-lhaped.  Limb  divided  into  ten  fmall,  unequal,  eredt 
fegments.  Corolla  five  narrow,  patent  petals  ;  inferted  into  the 
mouth  of  the  cup.  Stamina  ten  fubulated  fiUments  -,  longer 
than  the  corolla.  Antherce  oblong.  Germeri  above  -,  globular. 
Stile  cylindrical  ;  fhorter  than  the  cup.  StTg??2a  capitate  and 
jagged.  Capfule  globular  ;  three  cells  ;  three  valves.  Seeds 
many  ;  fmall  -,  ovate. 

The  ftem  is  angular  ;  reclining.  If  the  end  touches  the 
ground  it  takes  root.  Leaves  fpear-fhaped  3  entire.  BlolToms 
on  fliort  flower-ftalks  rifing  from  the  axillce  of  the  leaves  ;  deep 
purple.  In  wet  meadows,  and  on  the  borders  of  ponds  and 
rivers.     July. 

This  plant,  if  it  be  eaten  in  large  quantities,  will  occafion 
abortion  in  all  kinds  of  herbivorous  animals.  It  is  frequently 
mowed  with  meadow-grafs,  and  feems  to  be  grateful  food  in 
the  winter  to  all  forts  of  cattle.  But  in  fome  inftance  it  has 
deprived  farmers  of  almoft  ail  the  increafe  of  their  flock  in  the 
fpring.  Thofe  who  are  acquainted  with  its  baneful  efFeds,  are 
careful  to  feparate  it  from  their  hay,  when  they  rake  it. 

DICTNIJ. 
SAXIFRAGA.     Linn.  Gen.  Plant.  494. 
Saxifraga  foliis  lanceolatis  dcnticulatis,   caiik  undo  paniculatOy 
jloribus fubcapitatis.      Syft.  Nat. 
^     GOLDEN  SAXIFRAGE.     BlofToms  redifh. 

rRIGYNIA. 
CUCUBALUS.     Linn.  Gen.  Plant.  502. 
Cucuhalus  cal/cibus  Juhghbojis  glabris  reticidato-venojhy  cap- 
fulis  trihcularibuSf  corollis Jubnudis.     Syfl.  Nat. 

CAMPION. 
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CAMPION,     Bladder   Beben.     Bellweed.       Blofibms  white. 
On  borders  of  fields  in  Lynn.     July. 

STELLARIA.     Linn.  Gen.  Plant.  504, 
Stellaria  foliis  Unearibus  integerrmis,  JloribiLs  paniculatis. 

Syll.  Nat. 

STircHJVORT.       BloiToms  in  panicles  ;    white.     Amongft 

Jbufhes.     May. 

ARENARIA.     Linn.  Gen.  Plant.  505. 
Arenarla foliis  fHiformibus  y  ftipulis  membranaceis  v agin  ant  ibus. 
^'Syft.  Nat. 

SANDWORT.     BlolToms  redifh  white.     On   the  fea  ihore. 
-Auguft, 

Arenaria  foliis  ovsLtis  7iervofs  feffilibus  acutts.     Syft.  Nat» 
SPURRT.     BlofToms  white.     In  wood  land.     July. 

PENTAGTNIA. 

OXALIS.     Linn.  Gen.  Plant.  515. 

Oxalis  fcapo  unifofo,  foliis  ternatis,  radice Jquamofa  articular 
ta.     Syft.  Nat. 

WOOD  SORREL.  Cuckow-Bread.  Sour  trefoil.  In  rainy 
weather  the  leaves  ftand  upright,  but  in  ^ry  weather  they  hang 
down.     Blolloms  yellow.     In  ihady  places.     May — Augult. 

Dr.  Withering  fays,  the  expreffed  juice  depurated  properly 
evaporated,  and  fet  in  a  cool  place,  affords  a  chryilalline  acid 
fait  in  coniiderable  quantity,  which  may  be  ufed  wherever  ve- 
getable acids  are  wanted.  The  Lojidon  College  directs  a  con- 
serve to  be.  made  with  the  leaves  beaten  with  thrice  their  weight 
^f  fine  fugar.  The  juice  is  gratefully  acid.  An  infufion  of 
fhe  leaves  is  an  agreeable  liquor  in  ardent  fevers. 

SPERGULA. 
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SPERGULA.    Linn.  Gen.  Plant.  319. 
Spergula  foliis  verticillatisf  Jioribus  pentandris.     Syft.  Nat. 
PINEY.     Spurry,     Blolfoms  white.     In  cultivated  ground^ 
efpecially  among  flax.     Auguft. 

DECACrNIA. 
PHYTOLACCA.     Linn.  Gen.  Plant.  521. 

Phytolacca  Jioribus  decandris,     Syft.  Nat. 

GJRGET,  Cunicum.  Skoke.  American  Nightfoade.  Blof- 
foms  white,  tinged  with  red.  Berries  black.  Common  by 
road  fides..    July. 

The  juice  of  the  berries  gives  a  fine  purple  tincture  to  papei^ 
but  it  foon  fades.  The  berries  are  employed  in  dyes  by  the 
country  people,  but  the  colours  are  not  laRing.  They  would 
make  a  moll  beautiful  purple  dye,,  if  fbme  method  could  be 
found  for  fixing  the  colour.  The  roots  are  emetic  and  cathar- 
tico  An  ounce  of  the  dried  root,  infufed  in  a  pint  of  wine,  and 
a^iven  to  the  quantity  of  two  fpoonfuls,  frequently  operates  very- 
kindly  as  an  emetic.  In  fome  cafes  it  is  preferable  to  mofl  other 
Emetics,  as  it  hardly  alters  the  ta.fte  of  the  wine.  The  roots  arb 
applied  to  the  hands  and  feet  in  ardent  fevers.  Farriers  give  a 
liecoilion  of  them  to  drench  cattle,  and  apply  them,  inform 
©f  poultice,  for  difcuiling  tumors..  The  young  fhoots  boiled, 
are  hardly  to  be  diflinguifhed  from  fpinach,  and  are  nutritious 
and  wholefom.e.  Poultiy  are  fond  of  the  berries  ;  but,  if  eaten 
in  large  quantities,  will  give  their  iieih  a  difagreeabie  flavour. 

DODECANDRIA. 

MONOCrNIA. 
IPORTULAGA.     Lrn-n.  Gen.  Plant.  531. 
Porttiiaca  foliis  Ctinciformibus fiorihus  feffilibiis.     Syfl.  Nat. 
PURSLANE.      The  number  of  the  flamina  are  inconilant. 
BloiToms  yellow.     In  corn-flelds.     July.  It 
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It  is  eaten  as  a  pot-herb,  and  efteemcd  by  £ome  as  little  in- 
ferior to  aiparagus. 

LYTHRUM.     Linn.  Gen.  Plant.  532. 

Ly thrum  foUis  alter 721$  linearibusy  jioribiis  bexandris.  Syft. 
Nat. 

WILD  HYSSOP.  Graffpoly.  Blolibms  purple.  In  wet  land< 
June— July. 

DIGTNIA. 
AGRIMONIA.     Linn.  Gen.  Plant.  534. 
^  Agrimoiiia  folds  caulinis  pinnatis  :  folio/is  undique  ferratis  : 
■omnibus  minutes  interJiinBis,  fru5iibus  hifpidis..     Syft.  Nat. 

AGRIMONT.  1  he  number  of  ftamina  from  five  to  twelve. 
ElofToms  on  long  terminating  fpikes  ;  yellow.  By  fences.  July, 
It  is  faid  the  Indians  ufed  an  infufion  of  the  roots  in  inflam- 
matory fevers,  with  great  fuccefs.  Dr.  H/7/ fays,  an  infufion 
of  fix  ounces  of  the  crown  of  the  root  in  a  quart  of  boiling 
water,  fwcetened  with  honey,  and  half  a  pint  of  it  drank  three 
rtimes  a  day,  is  an  eifedual  cure  for  the  jaundice.  He  advifes 
to  begin  with  a  vomit,  afterwards  to  keep  the  bowels  foluble, 
;and  to  continue  the  medicine  as  long  as  any  fymptoms  of  the 
.difeafe  remains. 

ICOSANDRIA. 

MONOGYNIA. 
PR.UNUS.     Linn.  Gen.  Plant.  546. 
Specific  defcriptions  under  this  genus,  as  well  as  that  of  the 
Vacciniuniy  are,  for  the  fame  reafons,  omitted.     The  trees  and 
fhrubs  found  growing  naturally,  are  known  by  the  following 

,jiarnes> 

The 
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The  Beach,  or  Sea- Side  Plumb.  There  are  fevcral  varieties 
of  this  fpecies  growing  plentifully  on  Plumb-Tjland.  The 
fruit  of  feme  of  them,  when  fully  ripe,  is  well-tafted.  They 
are  eafily  propagated  in  gardens,  by  planting  the  flones  in  a  mix- 
ture of  beach  fiind  and  loam,  and  will  produce  fruit  in  two  or 
three  years. 

The  Black  Cherry  'Tree.     It  is  common,  grows  large,  and 
the  wood,  which  is  fmooth  and  hard,  is  ufed  by  cabinet-makers 
in  many  kinds  of  work.     They  have  the  art  of  giving  it  a  ftain 
which  approaches  the  colour  of  mahogany.     The  fruit  is  rather 
indifferent  in  its  natural  ftate,  but  might  probably  be  greatly 
improved  by  cultivation.     It  is  infufed  in  rum  and  brandy  for 
the  fake  of  giving  them  an  agreeable  flavour.     An  infufion  or 
tindlure  of  the  inner  bark  is  given  with  fuccefs  in  the  jaundice. 
The  Small  Black  Cherry.     The  tree   is  fmall   and   fhrubby, 
and  the  fruit  not  fo  well  flavoured  as  the  large  black  cherry. 
The  Black  Choke  Cherry.     A  low   Ihrub.     The   Large   Red 
Cherryl     A  fmall  tree.       The  Divarf  Red  Cherry,     A   very 
low  fhurb.     The  Red  Choke  Cherry.     A   ihrub.     The   Small 
Pale  Red  Cherry,     A  fmall  tree,  and   the  fruit  hard  and  ill- 
tafled. 

The  M-mentioned  cherry  tree  abounds,  where  land  has  been 
cleared,  in  the  nev/  plantations  near  White -Mountains,  but  9 
rarely,  if  at  all,  found  in  the  foreflis.  Some  have  aflerted,  that 
this  fpecies  of  cherry  tree  is  not  found  in  that  part  of  the  coun- 
try, except  in  places  where  the  native  growth  has  been  deftroyed. 
In  land,  where  there  is  no  kind  of  cherry  trees  after  the  old 
growth,  which  confifls  chiefly  of  fpruce,  pine,  beach  and 
birch,  (exceedingly  tall  and  large)  has  been  fell  and  burnt 
on  the  ground,  there  fprings  up,  the  next  fummer,  an  immenfc 

I  i  i  number 
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Dumber  of  thefe  cherry  trees.  By  what  means  are  they  pro- 
duced ?  The  doctrine  of  equivocal,  or  fpontai^eous  generation, 
has  long  been  exploded.  Nature  has  not  formed  the  feeds  for 
being  wafted  by  the  wind.  Can  it  be  iiippoied  fuch  vaA  num- 
bers were  fcattcred  by  birds  ?  Or,  upon  this  fuppofition,  is 
there  not  difficulty  in  conceiving,  that  neither  the  long  period 
©f  time  which  moft  of  them  mull  be  fuppofed  to  have  laid  ia 
the  ground,  nor  the  intenfe  heat,  occafioned  by  burning  fuch 
prodigious  piles  of  wood,  fhould  deftroy  their  vegetive  quality  t 

niGTNIA. 
CRATJLGUS.     Linn.  Gen.  Plant.  547. 

Cratcegus  foliis   cordatis  repando-angulatis  f err  at  is  glabris^ 

Syil.  Nat. 

HAWTHORN.    BlofToms  white.  Fruit  red.   In  dry  land.  May., 

It  is  faid  that  an  ardent  fpirit  may  be  diftilled  from  the  fruit, 

Cratcegus  foliis  lanceolato-ovatis  ferratis  glabris,  ramis  fpi-^ 

mfis.  Syft.  Nat. 

THORNBUSH.      BlolToms  white..     Fruit  red*     Common  ia, 

hedges.    May, 

PENTAGTNIJ, 
PYRUS.     Linn.  Gen.  Plant.  550. 

Pyrus  foliis  ferratis,  Jioribus  corymbofs.     Syft.  Nat. 

BASTARD  PEAR.  Jumper.  A  fhrub  which  blooms  very  early 
in  the  fpring,  commonly  before  other  trees  are  leaved  out.  Blof- 
forns  white.  The  fruit  is  redifh,  fmall,  nearly  round,  and  well 
tailed.  It  ripens  in  June  5  but  birds  are  fo  fond  of  it  that  they 
rarely  fuffer  it  to  remain  until  it  is  ripe.  It  is  eaten  by  chil- 
dren in  milk.     Common  in  moift  land. 

SPIRiEA.  .  Linn.  Gen.  Plant.  554. 
Spircea  foliis  lanceolatis  obtufs  ferratis  nudis,  florihus  duplicator 
racernojs,     Syll.  Nat.  JMEADQW 
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MEADOW  mi2r.  BlolToms  white,  tinged  with  red.  In 
moift  paflures.     Augufl. 

Spircea  fdiis  lanceolatis  incequaliter  ferrdtu  Jubtus  tomentojist 
Jioribiis  duplicato-racemojis,     Syft.  Nat. 

^EEN  OF  THE  MEjit)Olvs.  BlofToins  red  or  purple.  In 
jnoiil  paflures,     July — Augufl» 

POLOGTNIA, 
ROSA.     Linn.  Gen.  Plant.  556. 

Rofa  germmibiis  globojis  hifpidis,  pedunculis  fiibhifpidisy  caute 
^culeis  Jiipularibiis y  petiolis  uculeatis.     Syft.  Nat. 

WILD  ROSE.  Dog  Rofe.  Bloflbms  red.  Berry  pale  red. 
Common  in  moift  land.     June, 

The  blolToms  gathered  before  they  expand,  and  dried,  are 
aftringent ;  but  when  full  blown,  are  purgative.  This  ipecies 
is  generally  preferred  for  conferves.  A  perfumed  water  may 
be  diftilled  from  the  bloflbms.  The  pulp  of  the  berries,  beat 
np  with  fugar,  makes  the  conferve  of  hepps  of  the  London 
^difpenfatory.  The  dried  leaves  of  every  fpecies  of  rofe  have 
been  recommended  as  a  fuftitute  for  India  tea,  giving  out  a  fine 
colour,  a  iub  -aflringent  tafle,  and  a  grateful  fmell. 

RUBUS.     Linn.  Gen.  Plant.  577, 
Rubus  fdJiis  qmnato-pmnatis  ternatifqice,  cauk  aculeato^  peti- 
X)Iis  caimliculat'is.     Syfl.  Nat. 

RASP'BERRT.  BlofToms  white.  Beny  pale  red.  Common 
by  flone  walls.     June. 

The  fruit  i?  fub-acid,  cooling  and  extremely  grateful.  If  it 
be  made  into  fweet-meat,  with  fugar,  or  formented  with  wine, 
the  flavour  is  improved.  It  is  eaten  in  milk,  and  with  cream 
and  fugar.     Dr.  Witber'mg  fays,  it  difToIves  the  tartarous  con- 

I  i  i  2  cretions 


452      Mr.  CiTTtER's  Account  of  indigenous  Vegetables, 

cretions  of  the  teeth  ;  but  for  this  purpofe  k  is  inferior  to  the 
ftra  wherry. 

Kubus  fnUt^  ^erv.'\  Jlibtus  tom^ntojisf  caule  aculeato,  petiolis 
teret.bus.     Sylh  Nat. 

BRAMBLE.  Lpright  Brier.  BIofToms  white.  Berry  dark. 
brown.     In  hedges.     June. 

Rubiis  foliis  ternatis  fiibnudis  :  lateralibus  bihhisy,  caule  acti. 
leato  iereti.^     Syfl:.  Nat. 

SMALL  BRAMBLE,  Blackberry  Brier.  'Dewberry.  Bloffoms. 
white.     Berry  black.     Common  in  old  fields.     June. 

Rubusjoliis  qulnato- digit atis  ternatifquey  caule  petioUf^iie  acu^ 
hat  is.     Syft.  Nat. 

SOWTEAT.  Bumblekites.  BIofToms  white.  Berries  black.  In 
hedges,  and  by  fences,     M.y — June. 

The  fruit  is  pleafint  to  eat,  and  communicates  a  fine  flavour 
to  red  wine.  It  is  frequently  infufcd  in  brandy  and  rum.  The 
green  twigs,  are  faid  to  be  o£  great,  ufe  in.dyin^  woollen,  filk 
and  mohair  black. 

BubiLs  foliis  dig: tails  dcnis  q^dnis  ternatifjuCy  caule  inermi. 
Syll.  Nat. 

SUPERB  RASPBERRT,  BloiTom.s  large  ;  in  panldes  ;  petals 
purple  i  anthers  yellow.  Berry  redlfli  yello-.v.  In  h.^h  land 
oa  the  declivity  of  hiiis.  It  grows  pientn'iijiy  in  the  new-plan-. 
tatons.  at  the  northward.     June-  -September. 

The  fruit  is  much  larger  and  mere  delicious  than  thje  com-.- 
mon  rafpberry.  It  i&  eaQly  cultiv.ited  in  Ji;,.irden^  ;  and  tlieiar^e 
fizeofthe  le;ves  and  bloiro-ns  i^we  it  an  elegant  appearance. 
Kipe  fruit  and  MoiToms  are  commonly  foiuid  on  the  famepanL- 
clea.    *  'Rtihiis 
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'kuhm  folils  Jimflicibus  cordatis  hbatisy  caiile  aculeato  decum" 
bente,     SyfL  Nat. 

BLACKBERRr.     Blofloms  white.     Berry  black.     Common  in 
old  fields.     May. 

The  fruit  is  well  fc\fted.  Children  are  fond  of  them  in  milk. 
They  are  infufed  in  rum  cSiii  branu/,  and  give  them  a  flavour 
little  inferior  to  that  ol   black  cherries, 

FRAGARIA.     Linn.  Gen.  Plant.  558, 

Fragaj'ia  fiagellh  reptans.     Sjft.  Niit. 

STRAJVBERRT.  BloiToms  white.  Berry  red.  In  fields  and 
paftures.     May.- 

The  fruit  in  its  uncultivated  ftate,  if  the  foil  be  rich,  is  large 
and  well  tilled,  but  may  be  greatly  improved  by  culture.  The 
white  fruited,  double  flovvenng,  and  other  varieties,  are  pro- 
duced, by  cukivation.  It  is^fub-acid,- cooling,  and  may  be  eaten 
in  larcre.quantit.es  without  offendin?  the  flomach.  Dr. //^/^ 
thering  fays,  they  promote  perfpiration,  impart  a  violet  fmell  to 
the  urinej  and  difiblve  the  tartarous  incruftations  upon  the  teeth. 
People  aiiiidcd  with  the  fVone  er  gout  have  foi-ind  great  relief 
by  uiing  them  very  fi-eely.,  Huffman  f^ys,  he  has  known  con^- 
iiiniptive' people  cured  by  them.  They  are  univerfally  efteem- 
©d'a-moildencious.  fruit,  eitl:ier  eaten  alone,  or  with  fugar  or 
mdk. 

POTENTILLA.     Linn.  Gen.  Plant.  559. 
FotentUla  hliis  phinatis  ferratls,  caule  repente.     Syft.  Nat, 
MARSH  TAN'SET.  S^Jveriieed:    BIOiTorns  ycHov/.     Borders  of 
rrsarfhes.  ■  Tane. 

TotmtHIa  Jhliis  quinatisi  caiik  repente ^  pedunctdis  urJjloris, 

S;^lt.    IN  at, 

■■''  GIN  ^E  FOIL. 
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CIN^EFOIL.  Fivefnger,  BlofToms  yellow.  In  old  fields, 
June. 

It  is  mildly  aftringent  and  antifeptic.  A  decodicMi  of  it  is 
ufed  as  a  gargle  for  loofe  teeth  and  fpungy  gums.. 

GEUM.     Linn.  Gen.  Plant.  561. 

Geum  ftoribus  creBiSf  fruBu  glohcfo  r  arifiis  unctJiatis  nudis, 
foliis  ternatis,     Syft.  Nat.  • 

BENNET.  Comfno?i  A'uens,  Herb-Bainet >  .  BloiToms  white 
or  yelloWo     By  fences  and  borders  of  fields.     July. 

Dr.  WitJoering  fays,  the  roots  gathered  in  the  fpring,  before 
the  ftem  grows  up,  and  put  into  ale,  give  it  a  pleafant  flavour, 
and  prevent  its  growing  four.  Infufed  in  wine  it  is  a  good  il:o- 
machic.  When  it  grows  in  warm  dry  fituations,  its  taile  is 
mildly  auflere  and  aromatic. 

Geum  Jioribus  nutantlbus^  fru5lu  oblongo  :  arifiis  plumo/is^ 
Syft.  Nat. 

WATER  AVENS.  Tkroatroot,  Cureall.  BloiToms  purpli£h. 
In  boggy  meadows.     May. 

The  root  is  powerfully  aftringent.  A  decodion  of  it  has 
heen  ufed,  with  good  fuccefs,  as  a  gargle,  and  a  drink,  in  mr 
ilammed  and  ulcerated  fore  throats,  and  cankers.  It  is  faid, 
that  the  powdered  root  will  cure  tertian  agues,  and  that  it  is 
,much  ufed  by  the  Canadians  for  that  purpofe. 

POLYANDRIA. 

MONOGYNIA. 
ACTiEA.     Linn.  Gen.  Plant.  568. 
A^<^a  racemo  ovato,  fruSlibus  baccatis.     ^^^»  Nat. 
CHRISTOPHER.    Ba?ieberries.    Bloffoms  white,     Berry  red, 
Jn  wood  land  and  fhady  places.     May, 

The 
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The  berries  are  exceedingly  poifonous.  Dr.  Withering  fays, 
the  plant  is  powerfully  repellant  -,  and  that  the  root  is  ufeful  in 
ibme  nervous  cafes,  but  it  muft  be  adminiftered  with  caution. 
It  is  faid,  that  toads,  allured  by  the  foetid  fmell  of  this  plant, 
fcfort  to  it. 

SANGUINARIA.     Linn.  Gen.  Plant. 

BLOODROOT.  Puccoon.  Leaves  roundiili  -,  deeply  indented. 
Stems  naked  ;  fupporting  {ingle  flowers.  Bloflbms  white.  In 
rich  wood  land..    April. 

When  the  frefh  root  is  broken,  a  juice  ilTues,  in  large  drops, 
refembling  blood.  The  Indians  ufed  it  for  painting  themfelves, 
and  highly  efleemed  it  for  its  medical  virtues.  It  is  emetic 
and  cathartic,  but  muft  be  given  with  caution.  An  infulion 
of  the  root  in  rum  or  brandy  makes  a  good  bitter.  If  it  be 
planted  in  rich  fhidy  borders,  it  flouriflies  well  in  gardens  ;  and 
the  large  leaves  and  blcfToms  make  an  agreeable  appearance  foon 
after  the  frofl  is  out  of  the  ground. 

GHELIDONIUM.     linn.  Gen.  Plant.  572. 

Cheltdonium  pedunciiUs  umbellatis.     Syil.  Nat. 

QELJNDJNE.  BloiToms  yellow.  Common  by  fences  anjd 
amongfl;  rubbifh.     June — Augufl. 

This  plant  is  very  acrimonious.  The  juice  deftroys  warts, 
and  cures  ringworms..  Diluted  with  milk,  it  is  faid  to  confume 
white  opal^e  fpots  upon  the  eyes. 

SARRACENIA.     Linn.  Gen.  Phat.  578, 
Earraccnia  foUis  gibbis,     Syft.  Nat. 

SJRRJCENE.  Side -Saddle  Flower.  Hullow -leaved  Plant, ^ 
The  leaves  are  tubular,  fomewliat  'refembling'  the  horn  01  an 
ox,  iiwcrted.     The  aperture  at  the  top  is  horizontal  and  circular, 

with 
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with  a  bto  id  patent,  foliaceous  appendage,  extending  two-thirds 
oi  ths  way  round  it.  A  limilar  appendage  runs  down  the  con- 
cave lide  to  me  root.  The  cavities  of  the  leaves  are  large,  and 
^encrajiy  .contain  a  quantity  of  water.  They  feem  to  be  de- 
iigned  by  nature  for  refervoirs,  fiom  which  the  plants  may  be 
conitantly  fupplied  with  moiilure.  The  ftems  are  erecft  and 
r-aked.  BioiTonis  iingle,  tenninatlng  and  reclining  j  petals 
xed  ',  the  ftigma,  whijjh  covers  the  diik,  redi(h  green.  Ir 
inoift  land,  efpecialiy  ia  fens  and  quagmires.     May — June. 

NYMPHiEA.     Linn.  Gen.  Plant.  579. 

Nymp'haa  calyce  magno  pentapbyllo»  Syft.  Nat. 

WATER  YELLOW  LILT,    ^oad  Lily,  BlolToms  yellow.     In 
ponds  uud  rivers.     June. 

Nymphcea  foliis  cordatls  integerrhnis,  calyce  quadrifido.     Syll. 
Nat. 

POND  LILT.   Water  Lily,     BlolTonas  white.     In  ponds  and 
rivers.     Julj. 

The  flowers  open  about  feven  in  the  morning,  and  clofe  about 
four  in  the  afternoon.  A  conferve  is  made  of  the  leaves  of  the 
bloflbms.  The  roots  of  both  fpecies  are  much  ufed,  in  form 
of  poultices,  for  producing  fuppuration  in  boils  and  painful  tu- 
mors, and  are  very  efficacious.  The  root  of  the  water  yellow 
lily  is  generally  preferred.  Dr.  Withering  fays,  the  roots  of 
the  pond  lily  are  ufed  ia  Ireland,  and  in  the  ifland  of  Jura,  to 
,dye  a  dark  brown. 

BIX  A.     Linn.  Gen.  Plant.  58  r. 
B MS  WOOD.  White  Wood,  Suggumug.     The  ftigma  is  quadri- 
^fid.     Blo.*UAas  white.    In  woods.     Not  common.    July. 

This 
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This  tree  is  of  a  middling  fize,  and  the  wood  very  white  and 
£bft.  When  it  is  perfectly  dry  it  fwims  on  the  water  hke  cork. 
It  is  ufed  by  turners  for  making  bowls,  trenchers  and  difhes. 

CISTUS.     Linn.  Gen.  Plant.  598. 

Ciftus  herbaceus  exjlipulatus ^  foliis  omnibus  alternls  lanccolatis, 
caule  adfcendente,     Syft.  Nat. 

AMERICAN  CISTUS,  Little  Sunflower,  BloiToms  yellow,  and 
the  difk  commonly  turned  towards  the  fun  from  morning  until 
night.     In  dry  paftures.     June. 

PENTAGTl^IA, 
AQUILEGIA.     Linn.  Gen.  Plant.  605. 
^quilegia  neBariis  reMis,  Jtaminibus  corolla  kfigiorihus*   Syft, 

Nat. 

COLUMBINE,  Honey  Horns.     BlofToms  red,    Amongft  rocks 

in  dry  land.     May, 

Cultivation  renders  it  equal  in  beauty  to  any  of  the  exotic 

columbines.      It  makes  an  elegant  appearance  among  them, 

and  adds  to  the  variety  in  flower-borders. 

MGELLA  ?     Linn.  Gen.  Plant.  6a6. 

GOLDENTHREAD.  Month  Root^  The  number  oi petals  from 
iive  to  feven  ;  commonly  fix.  Ne^aria  fix  cups  ;  fupported 
on  filament  nearly  as  long  as  the  ftamina,  Germina  from  three 
to  ^QVQn.  ;  commonly  fix. 

The  roots  thread-fhaped  ;  running  ;  bright  yellow.  Leaves 
grow  by  threes  ;  circular  ;  fcolloped.  Stems  eredt  ^  naked. 
BloiToms  folitary  ;  terminating,-  white.  Common  in  fwamps. 
May. 

The  roots  are  aftringent,  and  of  a  bitteriih  tafle.  Chewed 
in  the  mouth  they  cure  apthas  and  cankerous  fores.    It  is  fre^ 

quently  an  ingredient  in  gargles  for  fore  throats, 

K  k  k  JPOLTGTNIA.^ 
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POLTGTNIA, 
ANEMONE.     Linn.  Gen.  Plant.  614. 
Anemone  foliis  trilobis  integerrimis.     Syft.  Nat. 
LIVERWORT.     BloiToms  white,  tinged  with  red.     In  woods 
and  fhady  places.     April. 

Anemone   pedunciilo    niido,  feminibus  fubrotundis    hirfutis. 

Syft.  Nat. 

WHITE  ANEMONE.     Blollbms  white.     Amongft  bullies,  and 

in  fhady  places.     May. 

Anemone  feminibus  acutis,  folioUs  incifs^  caule  uniforo.    Syfli* 

Nat.  .        .  .        * 

WOOD  ANEMONE.     BloiToms  white,  tinged  with  purple.     la 

woods  and  newly-cleared  land.     May.  ,;' 

CLEMATIS.     Linn.  Gen.  Plant.  6 id. 

Clematis  foliis  ternatis,  foliolis  cordatis ferrato-angulatisy  fcan^ 
den ti bus.     Syfl.  Nat. 

TRAVELLER'S  JOT.  Virgins  Bower.  BlofToms  white.  Banks 
of  brooks  and  river's.     July. 

RANUNCULUS.     Linn.  Gen.  Plant.  619. 
Ranunculus  foliis  radicalibus  reniformibus  crenatis  fublohatis^ 
caulinis  tripartitis  lanceolotis  integerrimis y  caule  multiforo.  SyfL. 

Nat. 

PILEIVORT.  Burwort.  BloiToms  yellow.  By  fences.  Sep- 
tember. . 

Ranunculus  foliis  radicalibus  fubrotundo-cordatis  crenatis  i 
caulinus  digit atis  dentatisy  caule  multijioro.     Syft.  Nat. 

CROWFOOT.  Buttercup,  Goldilocks.  Bloflbms  yellow.  Com« 
mon  ia  moift  paftures  and  fields.     June— July. 

The  whole  plant  is  acrid*  The  blofToms  cure  warts  and  corns. 

CALTHA. 
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CALTHA.     Linn.  Gen.  Plant.  623. 

MEADOW-BOUTS.  Coivjlips.  MarjJj  Man'goM,  Stems  hr9ii}ch' 
<ed.  Leaves  kidney- fhaped.  Eloflbms  yellow.  In  brooks  and 
watery  places.     April — May. 

Many  people  efteem  it  a  good  pot-herb.  Dr.^  Withering  fays, 
the  flowers  gathered,  and  preferved  in  faked  vinegar,  are  a  good 
fubftitute  for  capers.  The  juice  of  the  flowers  boiled,  with 
the  addition  of  alum,  flains  paper  yellow.  It  has  been  fuppof- 
ed,  that  the  remarkable  yellownefs  of  butter  in  the  fpring,  is 
caufed  by  this  plant :  but  Boerhaave  fays,  if  cows  eat  it,  it  will 
occafion  fuch  inflammation,  that  they  generally  die. 

DIDYNAMIA. 

GTMNOSPERMIJ. 
TEUCRIUM.     Linn.  Gen.  Plant.  625. 
"Venerium  foliis  ovatis  incequaliter  ferratis,  racemis  terminali- 
bus,     Syfl:.  Nat.^ 

GERMANDER.  TVood  Sage.  Bloflbms  white,  tinged  with  red. 
Near  Dummer  Academy.     Not  common.     July. 

NLPETA.     Linn.  Gen.  Plant.  629. 

Nepeta  fiorlhus  fpicatis  :  "oertidllis  fiihpedicelJatis,  foiiis  pe-< 
fiolatis  cordatls  dentato-ferratis,     Syil.  Nat. 

CATMINT.  Catnip.  Bloifoms  pale  purple,  or  blue.  About 
barns  and  fields.     July.  ... 

An  infufion  of  the  plant,  efpecially  of  the  blofl'oms.  Is  grate- 
fulto  the  iloma^ch,  and  a  mild  carminative,  but  of  no  great 
efficacy.  Dr.  Witl:ering  fays,  an  infufion  of  it  is  deemed  a  fpe- 
trific  in  chlorotic  cafes.  It  is  much  ufed  by  the  country  people 
here  in  the  fame  cafes.  Cats  are  remarkably  fond  of  this  plant. 
Mr.-  Miller  fays,  they  eat  it  until  it  produces  a  kind  of  drunk- 
«nnefs,  and  tlien  tear  it  to  pieces  with  their  claws. 
!.    ...  Kkks  BETONIGA. 
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BETONICA*    Linn.  Gen.  Phnt.  63  u 

Betonica  Jpica  interrupta,  corollaram  lacihia  labli  Iniermedict 
emerginata  ?     Syft.  Nat. 

HEAD  BETONT.  The  middle  fegment  of  the  lower  lip  of*  the 
blolTom  is  toothed.  BlofToms  purple.  Woods  and  fields.  July 
— Auguft. 

Dr.  Withering  fays,  the  freiGb  leaves  intoxicate,  and  the  dry 
leaves  excite  fneezing  -, — that  it  is  fmoked  as  tobacco  ;  and  that 
the  roots  provoke  vomiting. 

MENTHA.     Linn.  Gen.  Plant.  63^ 

Mentha  jioribus  fpicatisy  foliis  oblongis  ferratis. 

HORSE  MINT,     BlofToms  blue.     By  brooks,  and  in  w^et  mea»- 
dows.     July. 

Mentha  fpicis  folitaris  interruptisy  foliis  lanceolatis  ferratis 
fejjilibus,     Syft.  Nat. 

SPEAR  MINT.      BlofToms  purplifh  red.     In  moifl  ground.. 
Auguft. 

It  has  a  more  agreeable  flavour  than  the  Horfe  Mint,  and  is 
preferred  for  culinary  and  medical  purpofes.  The  juice  of  the, 
leaves,  boiled  up  v^rith  fugar,  is  formed  into  tablets.  The  leaves 
make  an  agreeable  conferve.  The  diftilled  viraters,  both  limple.^ 
and  fpiritous,  are  generally  efleemed  pleafaiit.  The  efiential  oili 
and  diftilled  waters  are  confidered  as  carminative.  They  arcn 
given  with  fuccefs  for  removing  ficknefs  at  the  ftomach.. 

Mentha  jioriBtis  capitatrs^. foliis  ovatis  ferratis petiolatisyfla^ 
.  minibus  corolla  hngiaribus^     Syft.  Nat. 

WateA  MINT.    Blofibms  pale  red.    By  brooks  and  riv^-a^ 
Auguft; 

Mentha 
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Mentha  floribm  'verticillatts,  foliis  ovatis  ehtiifU  fuberenatis 
taukbus  fubteretibus  repentibus,     Syfl .  Nat. 

PENNTROTAL,  Stamina  pale  purple.  In  pafbires  and  fields^ 
July — September. 

The  exprcfled  juice,  with  fugar,  is  given  in  the  hooping 
cough.  An  infufion:  of  the  plant  and  the  diftilled  water  arq. 
antiipafinodic,  and  arc  prefcribed  in  hyfterical  cafes. 

GLECOMA.     Linn.  Gen.  Plant.  634. 
Glecoma  foUh  reniformibus  crenatis, .    Syft.  -  Nat. 
GROUND  IVT..    Gill'go-over-tbe-Groimd, .    Robin-run-away^ 
A  decotftion  of  the  leaves   is    efteemedby  the  common  peo- 
ple a  remedy  for  the  jaundice..    Viz..  Withering  fays,,  the  leaves 
are  thrown  into  the  vat  with  ale,  to  clarliy  it,  and  give  it  a  fla- 
vour :  and  that  ale  thus  prepared,  is  often  drank  as  an  antifcor- 
butic.     The  exprelTed  juice  mixed,  with,  wine,  and   applied- 
morning  and  evening,  it  is  faid,  will  deftroy  white  fpecksuponr 
horfes  eyes..    The  plant  is  alfo  £ud  to  be  hurtful  to  horfes,  if 
tiiey  eat  it  in  large  quantities,. 

GALEOPSIS.     Linn.  Gen.  Plant.  637,. 
Galeopjis  internodiis   caulinis  fuperne  incrajfatis,    verticillis 
Jiimmis  Jubcontiguis,.    Syfl.  Nat.. 

,  ALLHEAL.    Htnnp4eaved  Dead-Nettle..     BloiToms   purple. 
By  the  road  fide..    Gioucefier..    Auguft,. 

STACHYS.     Linn.  Gen.  Plant.  638. 
Stachys  *oemcillisfexj{orisyfoliis  cordatis  petiokttis.  Syfl.  Nar». 
CLQWNHEAL.  Hedge  Nettle..    Blofl*©ms  purple,  fpotted  with ^ 
^ite.     By  fences  and'amongfl  biifhes..    July — Angufl. 

It  has  a  foetid  fmeB;and  toads  are  thought  to  be  fond  of  liv- 
feg  under  its  fhadc.     It  will  dye  yellow, 

MARRUBIUIVU 
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MARRUBIUM.     Linn.  Gen.  Plant  640* /^ 

Marrubium  dentibus  calycinis  fetaceis  uncinatis,    ■SyJtl.  Nat. 

HOREHOUND.     Blollbms  white.     By  road  fides,  and  among  ' 
rubbifli.     July.  ' 

Dr,  Withering  obferves,  that  it  was  a  favourite  medicine  with 
.the  ancients  in  obilruftions  of  the  v;fcera.— -In  large  dofes  it 
loofens  the  belly.  He  fays,  that  it  is  the  principal  ingredient  in 
the  'N^groCafars  remedy  for  vegetable  poifons. — That  a  young 
man,  who  had  occafion  to  take  mercurial  medicine,  was  thrown 
into  a  falivation,  which  continued  for  more  than  a  year.  Every 
method  that  was  tried  to  remove  it,  rather  increafed  the  com- 
plaint. At  length  Linnaus  prefcribed  an  infufibn  of  this  plant, 
and  the  patient  got  well  in  a  Ihort  time. 

LEONURUS,     Linn.  Gen.  Plant.  641/ 
Leonurus  foliis  caulinis  lanceolatis  trilobis.     Syft.  Nat. 
MOTHERWORT,     Bloiloms  purplifii.     Among  rubbiili.     July 
^-^Augufl. 

heonurus  foliis  ovatis  lanceolatijque  ferratis^  calycibiis  fejili- 
J?us  Jpinojis.     Syft.  Nat. 

MARRUBT.    Lions  TaiL     Blollbms  redifh.     By  fences  in 
moift  land.     Not  common.     July. 

ORIGANUM.     Linn.  Gen.  Plant.  645. 
Origanum  fpicis  fubrotundis  paniculatis  conglomeratis ,  bra5ieis 
calyce  longioribus  ovatis,     Syft.  Nat. 

WILD  MARJORAM.     Blofloms  purple.     Amongft  brambles 

r.by  fences.     July. 

-    It  is  warm  and  aromatic.     Dr.  Withering  fays,  the  effential 

oil  is  fo  acrid  that  it  may  be  confidered  as  a  cauflic,  and  is  much 

Ijf^d  with  that  intention  by  farrierSj  A  little  cotton  wool  moift- 

,.,.  .  ened 
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ened  with  it,  and  put  into  the  hollow  of  an  aching  tooth,  fre- 
quently relieves  the  pain.  The  dried  leaves  make  an  exceed- 
ingly grateful  tea.     The  tops  of  the  plant  dye  purple. 

DRACOCEPHALUM.     Linn.  Gen.  Plant.  648, 

Dracocepbalam  Jloribus'  fpicatis,  foliis   lanceolatls  ferratis^ 

Syft.  Nat. 

DRAGON'S  HEAD.     The  middle  fegment  of  the  lower  lip  the 

largeft  ;  intire.     BlofToms  variegated  with  red  and  white.     Sy 

ilone  walls  in  Dedham,.    July.. 

TRICHOSTEMA  i'  Linn.  Gen.  Plant.  652. 

'Tricbojiema  Jiaminibus  longij/hnis  exert  is.     Syft.  Nat. 

JVILD  LAVENDER.  Great  Pennyroyal.  The  upper  lip  divid- 
ed into  two  eretfl  fegnients  ;  compreiled.  The  lateral  fegments 
of  the  lower  lip  ere(St  -,  nearly  limilar  to  ^he  fegments  of  the  up- 
per lip  ;  middle  fegment  larger  j  club-ihaped  ;  convex  ;  re- 
fleded.  Stigma  bifid  ;  reflected.  Bloflbms  folitary  ;  termi  - 
nating  ;  purple..     In  old  fields..     Auguft — September^ 

SCUTELLARIA.     Linn.  Gen.  Plant,  ^sz- 

Scutellaria  foliis  fejjilihus  ovatis :  inferioribus  obfolete  ferratis  5 
jiiperioribus  integerrimis.     Syft.  Nat., 

HOODIVORT.    BlofToms  blue.    By  fences  In  Sandwich,    Aug. 

]''_  Scutellaria  foliis.  cordato-ohlorLgis   acuminatis  ferratis^  fpicls. 
fubnudis.      Syft.  Nat. 

TALL  HOODIVORT.  BIolToms  pale  blue,  1^  open  woodland 
in  Weymouth,     Auguft. 

ANGIOSPERMTA, 
EUPHRASIA.     Linn.  Gen.  Plant.  659.. 

Ruplorajia  foliis,  lineqribusfer rails  :  fiiperioribus  integerrimis <, 
$yft,  Nat.'  ■  ■  ' 

BTEBRIGHT. 


.jf64     ^^*  Cutler's  Account  of  indigenous  Vegetables^ 

ETEBRIGHT,  Moiithwort,  Bloffcts  blu^,. ;  Amongijt  low 
btmies.     July- 

It  has  been  in  repute  for  recovering  impared  eye-light. 

MELAMPYRUM.     Linn.  Gen.  Plant. 
Melampyrum  corollis  hiantibus,     Syfl.  Nat. 
COW-WHEAT.     Bloilbms  yellowifli  white.    In  woods.    June. 

CHELONE.     Linn.  Gen.  Plant.  (!l^(^. 

Qhelone  fdiis  lanceolatis  ferratis  :  fummis  oppojitis.    Syft.  Nat. 

CHELONE.  Fijh-head.  Snake-head.  Bloilbms  in  ipikes  % 
white.  Common  by  fences  and  amongil  bufhes  in  moifl  land. 
Auguft. 

ANTIRRHINUM.    Linn.  Gen.  Plant,  66B, 
Antirrhinum  foliis  lanceolatis  Qbtujis  alternlst  caule  rmnojijjifm 

diffufo,     Syft.  Nat. 

TOAD-FLAX.     Bloilbms  purple.     In  fields  and  road   fides. 

June — AugulL 

Antirrhinum  foliis  linearibus  alternis,  corollis  hiantibus  :  labh 
inferlore  explanato,     Syft,  Nat. 

SN/M*-DRAGOK.  Fliiellln,  Bloflbms  yellow,  with  a  mixture 
of  fcarlet.  Common  by  road  fides  in.  Lynn  and  Cambridge. 
June — July- 

The  feed  of  a  fpecies  of  the  Antirrhinum,  nearly  refembling 
this  plant,  and  not  at  all  fuperior  i/i  beauty,  is  imported  by  our 
feed-fellers,  and  is  common  in  curious  flower-gardens. 
SCROPHULARIA,     Linn.  Gen.  Plant.  674. 

Scrophularla  foliis  cordatis  ferratis  acutls  bajt  rotundatls,  caule 
Ahtujangulo.     Syft.  Nat. 

FIGWORT.  Bloflbms  purplifla,  with  a  fmall  fegment,  re- 
Jtoblin^  a  lip^  in  their  mouths*    By  fences  in  wet  land.  Aug, 

Thr 


botmlcally  arraf^.ed,  ^(^^ 

The  plant  has  a  rank  (hieli  and  bitter  tafte.  it  is  faid,  that 
fwinc  tliat  have  the  fcab  are  cured  by  waihing  them  wi^l?,  a  de- 
coction of  the  leaves* 

DIGITATIS.     Linn.  Gen.  Plant.  676. 
Digitatis  calycinis  foliolis  ovatis  acutls,  corollis  obtups  :  (abio 

fuperiore  integro*     Syft.  Nat. 

FOX-GLOVE.  Hornwort,  Bloflbms  red.  In  moift  land.    Aug» 
This  is  another  plant  which  has  been  n*iftaken  for  Foul's  i>^- 

tonyt  a  fpecies  of  the  Feronica, 

BIGNONIA.     Linn.  Gen.  Plant.  677. 

TRUMPET 'FLOWER,  Tellow  yafmine.  Stems  round  ;  ere<ft» 
Leaves  lanceolate  ;  oppofite  ;  irregularly  ferrated.  Bloffoms 
folitary  ;  on  fhort  flower-flalks  rifing  from  the  axill<v  of  the 
leaves  ;  yello//.  On  the  borders  of  fields,  and  in  open  woods. 
July. 

This  plant  has  alfo  been  called  Pauls  Betony^ 


amtaiammami  ft«.nii.  ■'■Jiu.iii.wmmi  i:— wwwepWBi 


WOOD  BETGNl'.  The  c^Iix  a  perianthium  of  one  leaf  -,  tu« 
hular.  Border  entire  ;  Hoped.  Corolla  one  petal  5  gaping. 
Tube  twice  the  length  of  the  cahx.  Upper  lip  helmet-fliaped, 
with  two  awns.  Lower  hp  reflected  ;  three  concave  Segments, 
the  middle  one  fmaller.  Stamina  four  filiform  filaments,  (two 
a  little  ihorter  than  the  otlier  two)  concealed  by  the  upper  lip. 
.jdntber^  cloven.  Gennen  ovate  ;  compreiTed.  Stile  filiform  ; 
longer  than  the  (lamina.  Stigma  ohxxkit.  CapfukovsX^;  acumi.iat- 
ed  5  com  prefTed;  with  two  cells  and  two  valves.  Seeds  ovate  ;feveraL 

Stems  erecfl.  Leaves  lanceolate  ;  deeply  divided  in  a  pinna- 
ted form  ;  the  divifions  ferrated.  Blpfibms  in  fpikes  ;  yellow. 
Common. in  rich  wood  land.     June, 

L  1  i  IVUMULUS, 
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MIMULUS.     Linn.  Gen.  Plant.  701. 
MAIDENWORT.     Stems  angular  j  branched.     Leaves  lanceo* 
hte  ;  nightly  ferrated  ;  oppofite  ;    half  embracing  the  ftalk, 
BlolToms  folitary  -,  on  long  flower- ilalks  rifmg  from  the  axillce 
of  the  leaves  ;  blue.     By  fences  in  moifl  had.     Augufl. 

TETRx\DYNAMIA. 

SILICULOSJE. 
MYAGRUM.     Linn.  Gen.  Plant.  713. 
Myagriim  filicuUs  ovatis  pedunculatis  polyjpermis.     Syfl.  Nat> 
CytMLINE,     Bloflbms  yellow.     In  fields  amongft  flax.     June, 

THLASPI.     Linn.  Gen.  Plant.  719, 
^blafpi  Jtlicidis  oI/Qordatis,  JoUis  radicalibus  pinnatijidis-^  Syflo 

Nat. 

MITHRIDATE,  Shepherd's  Purfe,    Shepherd's  Pvuch..     Blof^ 

foms  w^hite.     In  corn  fields,  and  about  barns.     April — ^June. 

COCHLEARL\.     Linn.  Gen.  Plant.  720. 

Cochlear i a  foliis  radicalibus  Jubrotundis,  caulinis  oblo7tgis,fuh^ 
fmuatis,     Syft.  Nat. 

scuRvr-GRJss.  BlofToms  white.  On  high  land.  Not  com« 
mon  in  a  wild  (late,  but  is  frequently  cultivated  in  gardens. 
May — June-. 

It  is  acrimonious  9  and  the  acrimony  is  faid  to  reflde  in  a  very 
fubtile  erfential  oil.  It  is  frequently  eaten  by  country  people  as 
a  fallad.  Writers  on  fea- voyages  give  high  encomiums  on  tlie 
Scurvygrafs  for  its.antiicorbutic  virtues.  Dr.  V/khering  fays, 
it  is  a,  powerful  remedy  in  the  pituitous  ullhma,  and  in  wii^t 
Sydenham  calls  the  fcorbutic  rheumatiiin.  A  diftilled  v/ater 
and  a  conferve  is  prepared  from  the  leaves.  The  juice  is  pre- 
icribed  along  v^ith  that  of  cyanges,  by  the  name  of  antifcor- 
buiiC  juices,  Cochkaria. 
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Cochtearia  folUs  radicalibus  la?tceolatis  integerrimis,  caulinis 
fubfmuatis,     Syfl.  Nat. 

SEA  scURVrcRASS.  The  leaves  are  flefhy.  Bloflbms  white. 
On  the  fea  fhore  and  in  marlhes.     May — June. 

This  is  more  acrimonious  than  the  former  fpecies.  It  has  a 
pretty  full  tafle  of  fea  fait,  as  well  as  the  volatile  alkali. 

Cochlearia  foliis  hnceolatis  amplexicaidibus  dc  fit  at  is,  Syfl .  Nat. 

HORSE-RADISH.  BlofFoms  white.  In  rich  foil  in  moid  land. 
Not  common  in  an  uncultivated  flate.     June — July. 

It  is  fo  rarely  found  where  it  has  not  been  cultivated,  that 
it  may  pofTibly  be  doubted  whether  it  be  indigenous.  The 
Icraped  roots  are  much  ufed  at  tables  as  a  condiment,  and  for 
many  culinary  purpofes.  It  has  been  found  a  powerful  ftimu- 
lant  in  paralytic  "cafes,  and  is  ufeful  as  a  diuretic  in  dropfies. 
A  diftilled  water  is  prepared  from  it.  A  ftrong  infufion  is 
iemetic, 

silhujosa. 
CARD  AMINE.     Linn.  Gen.  Plant.  727. 
'^.ardamine  foliis  pinnatis  extipuhtis,  foliolis  lanceolatis  obtufisy 
'Horibus  corollatis.     Syfl:.  Nat. 

LADrsMOCK.  BloiToms  white.  Near  fmall  brooks.  Not 
common.     May — ^June. 

Cardaminc  foliis  pinnatis  :  foUolis  lanceolatis  bafi  unidentatis, 
Syft.  Nat. 

IMPATIENT,  Impatient  Ladyfmock.  Bloflbms  yellowifh 
white.     By  fprings  in  mountainous  land.     Very  rare.     May. 

SISYMBRIUM.     Linn.  Gen.  Plant.  728. 
Sifymbrium  filiquis  dedinatlsy  foliis  pinnatis  :  foliolis  fiibcor^ 
dat.j,     Sylt.  Nat. 

Lll   2  WATERCRESS, 
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'  '"^WATERCRESS.     Blollbms  white.      Iii  fprings  and  running 
brooks  of  water.     May. 

-It  is  an  early  and  wholefome  ipring  faliad,  and  is  ufed  as  a 
pot-herb.  X^^:.  Withering  fay«,  ■it-i-s  an  excellent  antifcorbutic 
and  flomachic,  withlefs  acrimony  "than  tlic  Icurvygrals,  It  is 
an  ingredient  in  the  antifcorbutic  juices. 

SINAPIS.     Linn.  Gen.  Plant. 

. '     Sinapis  fiUquis.glabris  tetragonis.     Syft.  Nat. 

BLACK  MUSTARD.     Blolloms  pale  yellow.     Common  about 

^ 'barns.     June„ 

The  imported  muft'ard,  fo  common  at  tables,  and  which  is. 
generally  preferred  to  our  own,,  is  the  pulverized  feed  of  this, 
fpecies  -, — the  difference  conliils  only  in  the  preparation  of  the 
powder.  The  feeds  unbruifed  are  frequently  given  in  palfies. 
and  chronic  rheumatifms,  and  are  foimd  beneficial.  They  may 
be  taken  in  the  quantity  of  a  table-fpoon  full,  or  more,  and  will 
gently  relax  the  bowels.  Rheumatic  pains  in  the  ftomach  are 
often  relieved  by  taking  them  in  brandy.  The  powdered  feeds,, 
with  crumbs  of  bread  and  vinegar ,are  made  into  cataplafms,  and 
applied  to  the  foles  of  the  feet  in  fevers,,  when  ilimulants  are 
necelTary.  They  are  alfo  topically  applied  in  fixed  rheumatic 
and  fciatic  pains.  Dr.  Withering  fays,,  wherever  we  v/ant  a 
fvrong  ftim.ul'i^,  that  a(3:s  upon  the  nervous  fyflem  without  ex- 
citing much  heat,  we  know  none  preferable  to  the  muftard  feed, 

•  An  infufion  of  the  k^di,  given  in  large  quantities,  vomits  -,  but 

ill  finaller  dof^s,  operates  as  an  aperient  and  diuretic.     Muftard 

whey,  with  wine,  is  n<ed  as  a  drink  in  fevers..    Its  acrimony  ia 
{kid  to  Goiifiilia  an  eiTential  oil. 

IR-APHANU?;.  .  Linn.  Gen.  Plant.  736. 
Fnphanns  ffrpds  terctibus  artfculctis  Ice^/iiiis-  unilocid'aribus^ 

'^'^i.vrf.'Nat,  :  '  -     I  CHARLOCK. 


cWAHtoCK.  BloiToms  white  or  yellpw.  CommiDn  ampng^k 
rye,  barley  and  flax.     June — Auguft. 

It  is  often  very  injurious  to  grain  ,  and  when  it  has  once  got 
into  the  ground  it  is  extremely  difficul.t  to  extirpate.  The  feeds 
will  remain  in  the  ground  many  years,  in  a  vegetivc  ftate,  after 
it  is  fwarded  over  with  grafs,  and  will  grow  when  the  ground 
is  again  plowed  up.  Dr.  Withering  fays,  in  wet  feafons  it 
grows  in  great  quantity  amongft  the  barley  in  Sweden ;  and  the 
common  people,  who  eat  barley  bread,  are  affli(fted  with  very 
violent  convulfive  complaints  in  thofe  provinces,  and  in  thoie 
fcafpns  wherein  this  plant  abounds. 

MONADELPHIA. 

DECAN  DRIA. 
GERANIUM.     Linn.  Gen.  Plant.  746. 
Geranium  pedunculis  ftibtrifloris ,  foliis  cordatis  cretuitQ-hicifis 
fub'villojis,  cauUbus  prociimbaitibus .     Syft.  Nat. 

SEA  CRANESBILL.     Blofibms  pale  red.     In  marfhes  aj?d  on 
the  fea  fhore.     June — July. 

Geranium  peduncidis  bijforisy  calycibus  injiatis,  pflillo  lcngiJji'-» 

?no.     Syfl.  Nat, 

COMMON  CRANESJ^ILL.     BIofToms  purple.     By  flone  walk 

and  borders  of,  fields.     May — July. 

The  root  is  aflringent,  ?^d  frequently  ufed  in  gargles  for 

cankerous;  ibreain  thejaoouth  and  .thra^t. 

Geranimn  pedunculis  bijiorisy  calycihiu  pilofis   d^ctmangulatis * 
'  -Syft.  Nat. 

MO UNTAIN  CRANES-BTLL.  MerkrKQhrt.  StockbilL  BlolToms 
jjale  red.     Amongft  rocks  in  high  land.     June— -July. 
-It  is  CQnfiderably,ailringejit,  and  fmclls  fomewhat  like  muik. 
,-i  A, decoiSlion  of  thej>lattt  hab.  been  kip wn  to  give  relief  in  cal- 

cubus 
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culous  cafes.     It  is  given   to  cattle   when  they  make  bloodjr 
water. 

PQLYANDRIA, 
ALTH^A.     Linn.  Gen.  Plant.  749. 

Alth<^a  foliis  Jimplicibus  tomentofis,.     Syft.  Nat. 

MARSH'MALL(yiv.  BlofToms  purpliih  wiiite,.  In  marfhes  on 
Marthas  Vineyard,     Auguft. 

It  is  common  in  gardens,  where  it  is  cultivated  for  its  medi- 
cal virtues.  The  whole  plant  is  mucilaginous,  but  the  muci- 
lage abounds  mofl  in  the  roots,.  It  is  much  ufed  in  catapkfms 
and  fomentations  as  an  emollient.  An  infufion,  or  decodtion, 
is  commonly  ordered  in  all  cafes  which  require  mild  mucilagi- 
^npus  fubflances. 

MALVA.     Linn.  Gen.  Plant.  751. 

Maha  caiile  repente,  foliis  cordato-orbiculatis  obfolete  quinQve.^ 
iobatis.     Syfl.  Nat. 

MALLOW.  BlolToms  white,  -tinged  with  purple.  Gommoa 
about  barns.     June — September. 

DIADELPHIA. 

OCTANDRIA. 
POLYG^\LA.     Linn.  Gen.  Plant.  761. 
Volygala  floribus  imherbibus  oblongo-capitatis,  caule  credfo  her" 
iaceo  fji^plicijjimoy  foliis  lanceokitis  acutis,     Syft.  Nat. 

MILKWORT.  BlofToms  red  and  yellow.  Conimon  in  moifl 
fields.     Augufl— September. 

This  plant  is  generally  called  Low  Centaury y  and  has,  pro- 
i>ably,  been  miftaken  for  a  fpecies  of  the  Gentiaiia,. 

Polygala,  1 

LONG-SPIKED  MILKWORT.    Stems  cred  j  branched.  Leaves 

iJanceolate.     Bloflbms  in  long  terminating  fpikes  ;  pale  red.    In 

^oifk  land.  Not  common.  Augufl.  DECANDRIA, 
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DECANDRIA. 
GENISTA.     Linn.  Gen.  Plant.  '^^(>. 
Gcnijlafoliis  lanceolatis  glabris,  ramis  Jiriatis  teretibus  ereBis. 

Syft.  Nat. 

GREENWOOD.  Dyers  Weed.  Wood  Waxen.  ElofToms  yellow. 
In  paflures  between  New-Mills  and  Sale??!.     June. 

The  blofToms  afford  a  yellow  colour.  The  powdered  feeds 
operate  as  a  mild  purgative.  A  decodtion  of  the  plant  is  diuretic, 

-ffiSCHYNOMENE.     Linn.  Gen.  Plant.  y6g, 
JF.fchynomc7ie  caule  hifpido,  legumlnum  artlculis  Jemlcordatk, 

braSieis  cordatis  ciliatisy  Jlipulis  utrinque  lanceolatis,    Syft.  Nat. 
TOOTH-PODDED  BEAN.     BlolToms  pale  red.     On  the  borders 

of  fields,     Auguft:» 

LUPINUS.     Linn.  Gen.  Plant.  774. 

Lupinus  calycibus  alternis  appendiculatis  :  labio  fuperiore  oi- 
^artitOy  inferiore  integro,     Syft.  Nat. 

LUPINE.  Bloflbms  blue.  In  corn  fields,  in  the  ftate  of  Ccn^ 
neSficut,-    June- — Auguft. 

ROBINIA.    Linn.  Gen.  Plant.  775. 

"Robinia  pedunailis  fubdijijis,  foliis  pinnatis,  foribus  Jolioh 
major i bus.     Syft.  Nat; 

LOCUST-TREE,  Blolloms  white.  In  the  woods  in  the  ibuth- 
ern  ftate& — only  by  cultivation  here.-  June. 

1  he  woodj    whea  green,  is  of  a  foit  texture,    but  becomes 

very  hard  wh?:i  it  is  thoroughly  dry.     it  is  as-  durable  as  the 

beft  white  oak,  and  efteemsd  preferable  for  carriage  axletrces, 

trannels  for  (hips,  and  for  miny  other  mechanic  purpofes.     li 

makes- excellent  fuel,  iiad  its  fhade  is  hfs  injurious  tograis  than 

that  of  moft  other-  trees.     It  may  be  propagated  Vvith  great  eale 

and  to  very  advantageous  purpofes, 

PISUM. 
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PISUM.     Linn.  Gen.  Plant.  ^79.^ 

Pifum  petiolis  fupra  planiufculis,  cauk  cngulatOi  fiipuUs  fagit- 
tatis,  pedimculis  multifloris.      Syft.  Nat. 

SEA  PEA.  Bloflbms  pale  fM  and  purple.  On  fandy  beaches 
near  the  fea.     July — Augiift.     Th^  are  efculent. 

Pi/um  pettolis  Uecurrentibus  mhHBraka'ceiy^dij^h^iiis,  'pedtinculii 
imijlorh.     Syfl.  Nat. 

PIED  PEA.  BlolToms  red,  purple  and  white.  In  rich  moifl 
.  land.     June — July. 

OROBUS.     Linn.  Gen.  Plant. '7^0. 
^      Orobus  plnnatis  ovhtis  fiifulis  JemifagittAtis  intlgertimh,  tauk 

Ji?nplici,     Sy^.  Nat. 

PEASELING.     BlofToms  purple.     Near  New-Mills  in  Dan^ 

^  vers,     June — ^July. 

Oribus foil's pinnatis  IdnceolatiSyfiipuUsfamfagittatls  mtegtr^ 
-rlmis,  c'aule  fimpUci,     Syft.  Nat. 

WOOD  PEAS.  Heath  Peas,  BlolToms  red  and  yellow.  ,  *In 
fhrub-oak  and  pine  land.     July. 

It  is  iaid,  that  the  roots,  when  boiled,  are  iavory  and  nutri- 
tious— Ground  into  powder,  they  may  be  made  into  bread.— 
That  they  are  held  in  high  efteem  by  the  Highlanders  in  Scot^ 
landy  who  chew  them  as  people  do  tobacco,  and  find  that  they 
prevent  the  uneafy  fenfation  of  hunger.  They  imagine,  that 
they  promote  expedtoration,  and  are  very  cfficacioas  in  curing 
diforders  of  the  lungs.  They  know  how  to  prepare  an  intoxi- 
cating liquor  from  them. 

Orobus  cauUbus  decumbentihus  hlrfutls  ramofis.     Syfl.  Nat. 

'  WOOD  PEASELING,     Bloflbms  redifh  wtijle.    Borders  of  wood 

Jaiid,     July, 

LATHYRUS, 
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LATHYRUS.     Linn.  Gen.  Plant.  781. 

Lathyrus  pedunculis  multiflorisy  cirrhis  diphillis  :  foliolis  ova- 
hbus,  internodiis  nudis,     Syft*  Nat. 

FETCHLING.     BlofToms  purplc.     Sandy  beaches.     July. 

Lathyrus  pedunculis  multtfloris^  cirrhis  poly phylliSf  flipulis  ova- 
tis  :  baft  acutis,     Syft.  Nat. 

CHICKLING  PEAS.  BlofToms  purple  and  white.  In  Salemt 
near  tlie  fea.     July. 

VICIA.     Linn.  Gen.  Plant.  782. 

Vicia  kguntinibus  pedicellatis  fubquaternis  ereBis,  foliolis  ovatis 
integerrimis  :  exterior ibus  deer efcenti bus,     Syft.  Nat. 

VETCH.     BloUbms  purple.     Borders  of  fields.     July. 

INDIGOFERA.     Linn.  Gen.  Plant.  794. 

Indigofera  leguminibus  horizotttalibus  teretibus,  foliis pinttatis 
ternatifque  ?     Syft.  Nat. 

INDIGOWEED.  Bloflbms  yellow.  Common  in  paftures  and 
woods.     July — Auguft. 

A  durable  pale  blue  may  be  obtained  from  the  leaves  and  ftnall 
branches.  Fomentations  of  the  plant,  it  is  faid,  will  abate  the 
iwelling,  and  c:ountefa<5l  the  poifon  in  the  bite  of  rattle-fnakes. 

TRIFOLIUM.  Linn.  Gen.  Plant.  802. 
The  indigenous  fpecies  of  this  genus  are  too  numerous  to 
:admit  of  a  particular  defer! ption.  Several  of  them  are  general- 
ly known,  viz.  The  Mejilot  Clover.  The  Creeping  Clover^ 
The  White  Honey fuckle.  The  Red  Honeyfuckle.  The  lellow 
Clover.  The  Woolly -headed  Clover^  or  Chuckle-head,  The 
tall  Trefoil. 

MEDICAGO.     Linn.  Gen.  Plant.  805. 
GROUND  NUT.     The  germen  is  rolled  inwards,  but  the  pod 
becomes  nearly  ftrait,  containing  feveral  kidney-fhaped  feeds. 

M  m  ni  Stents 
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Stems  twining.  Bloflbms  in  clufters,  placed  in  the  axilla  of 
the  leaves  5  red  or  fed  and  white.  Common  in  loamy  wood 
land.     July. 

The  roots  are  roundifh  and  efculent,  and  were  eaten  by  the 
Indians. 

POLYADELPHIA. 

POLTJNDRIA.  . 

HYPERICUM.     Linn.  Gen.  Plant.  808. 
Hypericum  jloribus   trlgynis  :    pet  at  is  calyce  fublongioribus^, 
foliis  ovali-obhngis  obtufis  femiamplexicauUbus ^  caule  tereti.  Syfl. 
Nat. 

TUTSAN.     All  Bainfs   Wort,     BlolToms  pale   red*     Moift 

land.     Augufl. 

Hypericum  Jloribus  trigynisy  caule  quadrato  herbaceo,  Syfl.Nato. 
St.  PETER'S  WORT    BloiToms  yellow.  Moifl  meadows.  July^. 

Hypericum  Jloribus  trigynisy  caule  ancipiti^  fibis  obtuJispeU 

iucido-punBatis ,     Syft.  Nat. 

^St.yoBN's  WORT.     Bloflbms  yellow.     In  fields.  July — Aug, 
The  fmall  dots  upon. the  leaves,  which  appear  like  fo  many 

perforations,  are  faid  to  contain  an  efiential  oil.     The  leaves  are 

given  to  deftroy  worms.     The  ilov^rers  tinge  fpirits  and  oil  of 

a- fine  purple  colour, 

SYNGENESIA. 

PGLTGJMIA  JE^UJLIS. 
SONCHUS.     Linn.  Gen.  Plant.  813. 
Sonchus  pedrmculis  hijpidis ,  Jloribus  racetnofiSyfoliis  lyrato-hafi. 
tatis,     Syft.  Nat, 
^   -tOWTtilSTLE.     Bloflbms  purple.     On  ditch  batiks.    Auguft 

^September, 

LACTUCAv 


LAGTUCA.    Linn.  Gen.  Plant.  %i<j^. 
LadtucafoUis  laciniato-enjiformibus  (kntaiis  inermihusk     ^fti 

i^at. 

JVILD  LETTUCE.  Milkweed.    BlolToms  yellow.    About  barns 

and  fields.     Auguft — September. 

The  milky  juice  is  faid  to  pofTefs  the  properties  of  opium. 
It  may  be  coUeded  in  fliells,  dried  by  a  gentle  heat,  and  made 
into  pills* 

PRENANTHES.     Linn.  Gen.  Plant.  816. 

Prenanthes  flofculis  plurimisy  Jioribus  nutantibiis  fubumbellatis^ 
Jbliis  haftato-angulatis.     Syi't.  Nat. 

JVYLEAF.  Ivy^leafed.  Wild  Lettuce^  Snake^weed,  BlofToms 
^vhite.     By  ftone  vs  ails  in  rich  moift  land,     Aiigull. 

LEONTOBON.     Linn.  Gen.  Plant.  817. 

Leontodon  calyce  inferne  r^Jiexo,     Syil.  Nat, 
DANDELION-.     BlofToms  yellow,     Grafs  land.     May — Sept, 
The  leaves,  early  in  the  fpring,  are  much  eftecmed  as  a  pot- 
herb and  in  fallads.     It  is  fometimes  tranfplanted  into  gardens, 
and  blanched  like  endive.     The  French  eat  the  roots  and  leaves 
with  bread  and  butter.     It  is  in  a  confiderable  degree  diuretic. 
Boefhaave  had  a  great  opinion  of  the  utility  of  this  and  other 
iad:efccnt  plants  in  obftru<3?ions.  of  the  vifcera.     The  expreffed 
juice  is  faid  to  have  been  giveDj  to  the  quantity  of  four  ounces, 
three  or  four  times  a  day. 

HIERACIUM.  Linn.  Gen.  Plant.  629, 

Mier actum  caule  tnultifloro^  foHis  lyrutis  glabris,  cdlyce  pedurf^ 
t^Ufque  hlfpidis.     Syfl.  Nat. 

HAWKWEED,  Bloffoms  yellow.  About  barns  and  rubbilh, 
Auguft. 

M  m  m  ^  HiermuM 
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Hieracium  caUle  ereSfo  multijlorot  folits  ranceohth  dent  at  is, 
pedunculis  tomentofis,     Syfl.  Nat. 

RATTLESNAKE  PLANTAIN,  Poor  Robins  Plantain.  Blof- 
foms  pale  yellow.  The  radical  leaves  are  of  a  reddifh  colour, 
and  fpread  on  the  ground  like  plantain.  In  woods!  June — Aug. 

It  is  faid  to  have  been  confidered  by  the  Indians  as  an  infalli- 
ble cure  for  the  bite  of  rattle-fnakes.  They  chewi^d  the  lieaves 
in  the  mouth,  and,  after  fwallowing  part  of  the  juice^  applied 
them  to  the  wound.  This  is,  probably,  the  plant  which  Car- 
ver fays  the  Indians  were  convinced  v/as  fucli  a  powerful  anti- 
dote, that  for  a  trifling  bribe  of  fpiritous-  liquors,  they  Vvould. 
at  any  time  permit  a  rattle-fnake  to  drive  his  fangs  into  theii;. 
fleOi. 

CREPIS.     Linn.  Gen.  Plant.  819. 

Crepis  involucris  calycc  longioribus  :  fquamis  fetaceis  fparjis^^ 
Syft.  Nat. 

BLUE  SUCGORT.  Bloflbms  blue.  Fields  in  C^;»^r/(^^^.  July-- 
It  is  faid  to  be  a  good  flamachic. 

Crepis  involucris  ovatis  concavis  obtiifls patentibus.    Syft..  Nat,. 
YELLOW  SUCCORT.     Bloffoms  yellow.    Wood  land.  Auguft.- 

ARCTIUM.     Linn.  Gen.  Plant.  830. 

ArBium  foliis  cordatis  inermibtis  petiolatis,  Syft.  Nat. 
BURDOCK.  BlofToms  purple.  About  barns.  July — Aug,, 
The  young  ftems  boiled,  divefted  of  the  bark,  are  efteemed 
little  inferior  to  aiparagus.  They  are  alio  eaten  rav/  with  oil 
and  vinegar.  Dr.  Withering  fays,  a  deco(f^ion  of  the  roots  is 
efteemed,  by  fpme  very  fenfible  phyficians,  as  equal,  if  not  fu- 
pcrior,  to  that  of  farfaparilla. 

SERRATULA.. 
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SERRATULA.     Linn.  Gen.  Plant.  831. 

Serratula  foliis  lanceolatisy  fquamis  calycinis  apice  tmmbrana^ 
ceis  obtufis  patulis  color atisy  Jloribus  terminalibus.     Syfl.  Nat. 

DEVIUs  BIT.  The  root  appears  as  if  bitten  off,  BlofTorns 
purple.     Old  fields.     Auguft — September. 

In  England^  a  plant  of  the  fourth  clafs  is  called  Dc^wV J-  Bit, 
the  Scabiofafuceifa.  Linn..  Morfus  diaboli  vulgaris,  fore  pur- 
purea. Park.  An  infufion  of  the  roots  of  this  plant,  in  a  clofe 
veffel,  has  been  found  very  ferviceable  in  fcrophulus  complaints. 

CARDUUS.     Linn.  Gen.  Plant.  832. 
Carduus  foliis  Jinnatis  decurrentibus  :  margine  Jpinojls,  caly-^ 
cihus  pedunculatis  foUtariis  ereBis  villojis.     Syfl.  Nat. 

WELTED  THISTLE.     BloiToms  pale  red-    Road  fides.     July. 

Carduus  foliis  feffllibus  bifariam  pinnatifidis  :  laciniis  alternis 
ereBis,  ere  Bis,  calycibusglobofs'villofis,     Syft.  Nat. 

STAR  THISTLE.  Friar  s  Crown.  Bloffoms  purple.  In  paf- 
tares.     July — Auguft. 

Carduus  foliis  pinnatifidis  fpinofisf efjilibus ,.  cauk  inermi,  Jlori- 
bus folit^riis..    Syft.  Nat. 

LADIES  THISTLE.     Bloffoms^  purple.     Road  fides.     July. 

Carduus  foUis  lanceolatis  dentatls  araplexicauUbus.  :  Jpinulis  in- 
aqualibus  ciliatis,  caule  inermi..     Syit.  Nat.. 

YELLOW  THISTLE.     BiolToms  yellow.     In  Chelfea.     June. 

The  flowers  of  thiflles  have  the  property  of  rennet  in  curd» 
ling  milk. 

CARLINA.     Linn.  Gen.  Plant.  836. 

Car  Una  caule  rnultifloro  coryrnbofo,  fori  bus  terminalibus.  Sy{t. 
Nat.      

FIRE-WEED.  BloiToms  white'.  It  abounds  in  new  plantations 
where,  the  ground  has  been  burnt  over.    Aug.  BIDENS. 
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BIDENS.     Linn,  Gen.  Plant.  84a. 

Bidens  foliis  pinnatis  ferratis  glabris^.  feimnibii^  ereiils,,  cnly'- 
cibus  frondoJiSf  caule  lavL     Syll.  Nat. 

HARVEST-LICE.  Cuekold,  Bloiibms  yellow.  Ill  corftv  fidids^ 
September. 

EUFATORTUM.     Linn.  Gen.  Hant.  Z\2, 
'Rupat  or  tun  foliis  quaternts  fcabris  lanceolato-ovatis  incequaliter 
ferratts  petiolatis  rugojis.     Syft.  Nat, 

LIVER-HEMP^  Honejiy,  Hemp  Agrimony.  BIofToms  pale  red. 
In  moift  land,  by  brooks  and  rivers.     July — Auguft. 

Dr.  Withering  fays,  an  infufion  of  an  handful  of  it^  vomits 
and  purges  fmartly.  An  ounce  of  the  root,  in  decod:ion,  is  a 
full  dofe.  In  fmaller  dofes  the  Dutch  peaiants  take  it  as  an  al- 
terative and  an  antifcorbutic. 

Eupatorium  foliis  .connatis  tomentofis.     Syft.  Nat. 

THOROUGH-WAX,  BlofToms  white.  In  moiil  land.  July — ■ 
Auguft. 

The  Btipleuntm  rotundifolium.  Linn.  The  Petfoliata  vulga- 
ris. Park,  of  the  fifth  clafs,  is  called  Thorough-nioax  in  £»g-- 
land.     An  infufion  of  thie  leaves  is  a  powerful  emetic. 

AGERATUM.     Linn.  Gen.  Plant,  843. 
Agerat  urn  foliis  ovatis  crenatis  0  b  tufts ,  caule  glabra,  Syil:.  Nat, 
MEADorv  SUNFLOIVER.     Bloflbms  yellow.  In  wet  meadows. 
September. 

STJEHELINA.     Linn.  Gen.  Plant.  844. 
St dehelina  foliis  fubtrigonis,  fquamis  calycinis  crenatis^    Syft, 
Nat. 

PRICKLY  DEViVs-Bir.  BlofToms  purple.  On  Winter^UUl 
ia  Charlefiown.    July— Augufl, 

JPOLro^AMlA 
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'POLYGAMIA    SUPERPLVJ. 
TANACETUM.     Linn.  Gen.  Plant.  848. 
^anacetum  foliis  hipinnatis  ferratis.     Syft. .  Nat. 
TANSET.     Bloilbms  yellow.     Paftures.     Auguft. 
The  leaves  are  frequently  ufed  to  give  a  colour  and  flavour'  to 
pudding.     Frefli  meat  may  be  preferved  from  the  attacks  of  the 
flefh-fly,  by  rubbing  it  with  this  plant.     It  is  confidered  as  a 
warm  deobflruent  bitter..    The  F inlanders  are  faid  to  obtain  a 
green  dye  from  it.. 

ARTEMISIA.     Linn.  Gen.  Plant.  849. 
Artemijia  foliis  com po  Fit  is  miiltijidis ,  jloribus  fubglobofis  pendu-^ 
lis  :  receptaculo  villofo.     Syft.  Nat. 

IVORMIVOOD.  BlofToms  brownifh  white.  Road  fides,, and 
amongft  rubbifh.     July — Auguft. 

The  leaves  and .  flowers  are  well  known  to  be  bitter,  and  to 
refift  putrefaction.  They  are  made  a  principle  ingredient  in  an- 
tifceptic  fomentations. .  The  roots  are  warm  and  aromatic.  The 
plant  affords -a  conflderable  quantity  of  efl!ential  oil,  by  diflJUa- 

.  tion, .  which,  is  ufed  both  internally  and  externally  to  deftroy 
worms.  Fomentations,  or  cataplafms  of  the  leaves  are  fome- 
times  applied  to  the  bellies  of  children  in  obflinate  worm  cafes. 
An  infulion  of  the  leaves  is   faid  to  be  a  good  flomachic,  and 

rwith.the  addition  of  fixed  alkaline  fait,  a  powerful  diuretic  in 
drop fical  cafes.  Linnaeus  has  mentioned  two ^eafes,  wherein 
an  effence,  .prepared  from  this  pknt,  aqd  taken  for  a  confidera- 

,ble  time,  prevented  j  the  forittation  of  ftones  in  the  kidneys 
and  bladder— ^thepatienteJorbearing  the  ufe  of  wine  and  acids. 
If  women,  that  fuckle,  take  aninfufion  of  this  plant,  it  makes 

^their  milk  bitter.  The ;  leaves  put  into  four  beer,  foon  deftroy 
the  acefcencyo 
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Artemijia  foUis  pinnatifidis  flams  incijs  fubtxts  tomentof.s^  ra- 
iCemis  fimplicibusy  Jioribus  ovatis  :  radio  quinqueHoro.   Syft.  Nat, 

MUGIVORT.     BlofToms  purplifh.     Borders  of  fields.     Aug. 

Dr.  Withering  fays,  in  feme  countries  it  is  ufed  as  a  culinary 
aromatic.  A  decodtion  of  it  is  taken  by  the  common  people 
to  cure  the  ague* 

GNAPHALIUM.     Linn.  Gen.  Plant.  850. 

Gnaphaliwn  foliis femiarnplexicaulibus  enjy'ormibus  repandis  oh- 
jftifis  utrinque  pubefcentibus,  floribus  conglomeratis.     Syil.  Nat. 

CATSFOOr.  Woolly  Moufe-Ear,  Blofloms  yellowi/h  white. 
Road  fides.     Auguil. 

Gnaphalivjn  joliis  decurrentibus  obtujis  mucronatis  utrinque  to- 
mentojis  planis,     Syft.  Nat. 

LIFE-EVERLASTING.  BlofToms  white.  In  paftures  and 
fields.     September. 

NONE-so-PRETTT.  Stems  herbaceous  -,  branched.''  Leaves 
.ovate  J  flightly  ferrated  ;  feffile  -,  alternate.  Blolfoms  in  broad 
topped  fpikes  j  redifli  purple.  Female  florets  in  the  circum- 
ference, and  without  petals, 

ERIGERON.     Linn.  Gen.  Plant.  855, 

Eirigeron  ramis  later-alibus  multijiorisy  calycibus  fquarroJis<, 
Syft.  Nat. 

FLEABANE.  Florets  in  the  circumference  white  ;  tliofe  in 
the  center  purple.     By  fences.     Auguft. 

Erigeron  c aide  jioribuf que  paniculatis.     Syft.  Nat. 

MEADOW  FLEBANE.  Florets  in  the  circumference  white  ; 
$hofe  in  the  center  yellow.     Moift  land.    Auguft— September. 

Erigeron  pedunculis  alternis  unijioro.     Syft.  Nat. 

ROSEBETTT,  BlofToms  in  the  circumference  purple  ;  thofe 
|jx  the  center  yellow.     By  fences.     Auguft — Sept. 

TUSSILAGO. 
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TUSSILAGO.     Linn.  Gen.  Plant.  856. 

Tujfilago  fcapo  imbricato  unlfloro,  foliis  fubcordatis  angidatis 
dcntiailatis,     Syft.  Nat, 

Coltsfoot.     BlGflbms  yellow.     About  barns.     April. 

Dr.  Withering  -fays,  the  leaves  are  the  balis  of  the  Britifi 
'herb  tobacco.^ — They  are  fomewhat  auftre,  bitteriih,  and  mu- 
-cilaginous  to  the  tafte.  They  have  been  much  ufed  in  coughs 
and  confumptive  complaints.  Dr.  Cullen  has  found  them  to 
do  confiderable  fervice  in  fcrophulous  cafes. — He  givesadecoc- 
«^tion  of  the  dried  leaves,  and  finds  it  fucceed  where  fea-water 
has  failedo 

SENECIO.     Linn.  Gen.  Plant.  857. 

Senecio  corollis  radiantibus,  foliis  enjiformibus  acute  ferratti 
fubtus  fubvillojis,  c'ailte  jiriBo  ?     Syft.  Nat. 

GROUNDSEL.  Stnnchbood.  Bloflbms  in  branched  particles  :; 
white.     Borders  of  corn  fields.     Augufi:— 0(5lober. 

This  plant  has  been  found  very  efficacious  in  flopping  her- 
morrhages  in  certain  perfons,  rubje(fl  to  a  very  fmgular  kind  of 
conftitutional  bleeding,  when  other  means  have  failed.  If  the 
bleeding  be  occafioned  by  the  rupture  of  internal  blood- vefTels, 
they  drink  a  jftrong  deco6lion  of  the  plant  :  if  it  be  external^ 
they  both  drink  the  decodlion,  and  apply  to  the  wound  thefreil? 
leaves  bruifed,  or  the  dried  plant  in  form  of  a  poultice. 

ASTER.     Linn.  Gen.  Plant.  858. 
AJier  foliis  linearibus  integer rirnis,  caidepaniculato.   Syft.  Nat. 
■BUSHY  ASTER.     Florets  in  the  circumference  white,  tinged 
wkh  red  ;  in  the  center  yellow.     By  fences.     September. 

After  foliis  linearibus  acutis  integer rimisy  caule  corymbofo  ra-^ 
mo/ij/imo.     Syfl.  Nat. 

N   n   ft  DWARF  ASrER. 
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DWARF  ASTER. .  Florets  in  the  circumference  purple ;  in  tKe^: 
center  yellow.     In  hedges.     Auguil. 

AJierfoliis  lanceolatis  integerrimis  Jemiam-plexiccmlibiiSy  flqribiis, 
confer tis  terminalibuSy  peduncuUs  iiudis,  caule  hifpido. .  Syft.  Nat. . 

NEW'ENGLAND  jlSTER.  Florets  in  the  circumference  pur-> 
pie;  in  the  center  yellow.     Borders  of  fields.     Aug,— Sept, . 

SOLIDAGO,     Linn.  Gen.  Plant.  859, 

Solidago  paniculato-coryjnbofa^, .  raceinU  rccurvatis,  fmibus.  ad'-- 
fcendentibus,  foliis  trinerviis  fubferratis  feabris. .    Syfl:. .  Nat . . 

ROUGH-LEAFED  GOLDENROD:  Blofloms  yellow.  Borders, 
of  fields.     Auguft. . 

Soiidngo  paniciilato-corymbofa,  racemis  recurvkf  .foribus .  ed^ 
fcendentibus,  foliis  enerviis ,.  fubintegcrrimis .     Syfl.  Nat, 

SMOOTH-LEAFED  GOLDENRQD.  Bloiloms  yellow.  Borders 
of  fields,     Auguft.. 

Solidago  caule  obliquo,  pediincuUsercBisfoliolatisramofis,  foliis 
lanceolatis  integerrimis,     Syft.  .Nat. 

MARSH  GOLDEN  ROD.  Bloffoms  yelloWo  Borders  of  marihes. 
Auguft. 

INULA.-    Linn.  Gen.  Plant.   860.- 

Inula  foliis  ovatis  rugofis  fubtus  tomentofis,  calycum  fquamis  ^ 
ovatis.     Syft.  Nat. 

ELECAMPANE.     BlolToms  yellow.     Road  fides.     Augu/l* . 

Dr.  Withering  fays,   the  root  is  efteemed  a  good  |>edoraL . 
Dr.  Hill  fays,  he  knows,  from  his  own  experience,  that  an  in- 
fufion  of  the  ffeih  root,  fweetened  with  honey,  is  an  excellent 
medicine  in  the  hooping  cough. 

CHRYSANTHEMUI^L 
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CHRYSANTHEMUM.     Linn.  Gen.  Plant.  866. 
't^hryfanthemum  foliis  ampkxicaulibus  obkngis  :  Jiiperne  Jer-- 
ratis  ',  infer ne  dent atls.     Syft.  Nat. 

WHITE  WEED.  Goldens,  Dai/k.  Florets  In  the  circurhference 
white;  in  the  center  yellow.  In  fields  and  paftures.  May — 
June.  The  young  leaves  may  be  eaten  as  fallad.  It  is  very  in- 
jurious to  grafe  land. 

ANTHEMIS.     Linn.  Gen.  Plant.  876. 
Anthemis  receptaculis  conkk  :  pakis  Jetaceky  feminibus  niidk^ 

^Syft.  Nat. 

MAY-WEED.     Florets  in  the  circumference  white  9  in  the 
^center  yellow.     Road  fides.     June-^Augufl. 

It  i«  faid  to  be  grateful  to  toads,  and  very  ungrateful  to  bees« 

ACHILLEA.     Linn.  Gen.  Plant.  871. 

:Achilka  folik  bipinnatk  nudk  :  laciaik  linearibus  dentafk, 

'Syft.  Nat, 

7- ARROW.     Blollbms  white.     In  dry  paftures.     June — Aug, 

Dr.  Withering  hys,  the  flowers  yield  an  effential  oil  : — that 
'the  leaves  are  celebrated  by  the  materia  niedica  writers  for  a  va- 
riety of  purpofes,  but  they  are  little  attended  to  at  prefent, 

TOLTGAMIA    FRUSTRANEA. 
HELIANTHUS.     Linn.  Gen.  Plant.  877. 
Helianthiis  foliis  oppojkis  fcJjiUbus  ovato^-obkjigis  trinerviis pa- 
■nicula  dichotoma.     Syft.  Nat. 

ROUGH-LEAVED  SUNFLOWER.     BlofToms  yellow.  Borders  of 
iields.     Auguft — September. 

It  is,  in  a  coniiderable  degree,   aftringefit.     A  decodlion  off 

the  plant  is  much  efteemed  by  the  common  people  in  diarrhseas. 

RUDBECKIA  ?   Linn.  Gen,  Plant.  878. 

AMERICAN  GLOBE  AMARANTHUS.     The  leaves  lanceolate  $ 

iJternate  ;  felTile  -,  downy.    Stems  woolly.    Bloflbms  globular. 

N  n  n  2  Barren 
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Barren  florets  numerous  ^  entire  j  white.- — Fertile  florets  fmallji 
yellow.     They  fl:and  in  a  broad-topped  fpike.     The  bloflbms 
are  durable  after  they  are  taken  off.     It  makes  a  pre-tty  appear-  - 
ance  in  flower  borders.     In  high,  rich  pailures..     Aug.— Od:. 

COREOPSIS.     Linn.   Gen.  Plant;  879. 

Core.QpJis  foliis  pinnatis  ferratis^   radio  jloruin  di'uerficolorc. 
Syft.  Nat. 

MEADOW  CUCKOLD, .    Bloflbms  yellow,  red,  and  white»     In- 
wet.  meadows ..     Augufl: . 

MONOGAMIA.  . 
LOBELIA.     Linn.  Gen.  Plant.  897. 
Lobelia  caiile  ereBo,  foliis  lanceolato-Uncarihus  obti'fiufculis  aU 
temis  integerrimis^  racemo  icrmiiiali.     Syfl.  Nat. 

SPINET.     Bloflfoms  blue.     In  moid  grafs  land.  June— July, . 

Lobelia  caule  ere.Bo,  foliis,  lanceclatis  ferratis  fpica  tenninali^, .. 

Syft,  Nat. 

AMERICAN  PRIDE,     BloiToms  fcarlet..    Borders  of  brooks. 

and  rivers.     Augufl:, 

Lobelia. 

EMETICWEED.     The  leaves  oBlong  ;  flightly  ferrated  ;  i^i-^- 
file  ;  alternate  ;  on  the  upper  furface  numerous  tubei-cles.   Stems 
branched.     Bloflbms  folitaiy  ;  in  a  kind  of  fpike  ;  pale  blue,. 
Common  in  dry  fields.     Augufl:., 

The  leaves  chewed  in  the  mouth  are,  at  firfl:,  infipid,.  but. 
foon  become  pungent,  occafioning  a  copious  difcharge  of  faliva. 
If  they  are  held  in  the  mouth  for  fome  time,,  they  produce 
giddinefs  and  pain  in  the  head,  with  a  trembling  agitation  of 
the  whole  body  :  at  length  they  bring  an  extreme  naufea  and 
vomiting.     The  tafte  refembles  that  of  tarter  emetic.     A  plant 
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poiTdTed  of  fuch  adive  properties,  notwithftanding  the  violent 
efRds  from  chewing  the  leaves,  may  poffibly  become  a  valua- 
ble medicine. 

VIOLA.     Linn.  Gen.  Plant.  898. 
Viola  acauUSi  foliis  pinnatijidts.     Syft.  Nat. 
MOUNTAIN  VIOLET.     Bloflbms  variegated.     On  the  hills  in-. 
Lynn.     October. 

Fiola  acauUs,  foliis  reniformibus.     Syft.  Nat. 

MARSH  VIOLET.     BloiToms  pale  blue..    In  moi ft  meadows ^ 
ApriL 

viola  acauUsy  foliis  cordatis,  ftolonthus  reptantibus.  Syft. Nat;. 

SWEET  VIOLET.  BIofToms  deepifli  purple.  Ln  moift  warm 
land.     April. 

The  flowers  and  the  feeds  are  faid  to  be  mild  laxatives.  The 
leaves  give  the  blue  colour  to  the  firup  of  violets,  which  is  chang- 
ed by  an  acid  to  red,  and  by  an  alkali  to.  green.  It.  is  faid,  that 
flips  of  white  paper  ftained.with  the  petals,  and  -kept  from  the 
air  and.  the  light,  will  be  changed  in  the  fame  manner. 

Viola. canle  ercilu,  foliis  corddtis  acimiinatis.     Syft.  Nat. 
YELLOW  VIOLET.     Blolloms  ycUow.  In,  fl lady  places.    May,;. 

It  is  faid  the  Indkns  applied  the  bruifed   leaves  to  boils  and:^ 
painful  fwellings-, .  for.  the  .purpof^,^  of  eifiog  the  pain  and  pro- 
ducing  fuppuration. 

IMPATIENS.     I^m.  Gen.  Plant.  899. 
Ifnpatiens  pedimcidis  multijioris  folit ariis  foliis  o-'catis^  genkujis.- 
mulinis  tumentibm . .  .Syft.  Nat, 

tVEATHERCOCK.    Bafamine. .  T'-cuch-mc-nct.     ^uvk-in-the^ 
Hand.     Bloflbms  yellow.     Banks  of  rivulets.     July — Aug. 

It 
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It  is  geaerally  known  here  by  the  name  of  Celandine ^  and  fe 
•much  celebrated  among  the  common  people  for  curing  th^^ 
jaundice. 

GYNANDRIA. 

DIANDRIA, 
ORCHIS.     Linn.  Gen.  Plant.  900. 
'"Orchis  neSiarh  cornii  jetace.o  bngiinc'dne  germinis .:  labio  tri" 
farti'.o  c  I ari.      Syfl.  Nat. 

LADT's  PLUME'    Female-handed^  Orchis.     BlofToms  in  lar^-e 

o 

fpikes  ;   white,  or  purpliili,   or  fleih-coloui-'d.     In   wet mea- 
.dovvs.     Augufi;. 

OPHRYS.     Linn.  Gen.  Plant.  902. 
Ophrys  bulbis  aggregatis  oblongis  cattle  fubfoliofo.y  fioribus  fe^ 
^cundisy  netmrii  labia  indivijb.     Syfl:.  Nat. 

TRIPLE  LADTs  TRACES.     Bloffoms  in  a  'fpiral  Ipike  ;  yel- 
^owifh  white.     In.  moift  land.     Augufi. 

ARETHUSA  ?     Linn.  Gen.  Plant.  905. 
Arethufa   radlce   globofa,   fcapo   vagmato^  Jpatha  diphylla., 

Syfl.  Nat. 

RED-V/INGED  ORCHIS.     BioiToms  red  or  purple.     In  mofijr 
meadows.     Augufi. 

CYRRIPEDIUM.     Linn.  Gen.  Plant.  906. 
Cyrripedium  radicibus  Jibrojis^  foliis  ovato-lanceolatis,  caulinis^ 

;.Syfl.  Nat. 

LADY'S  SLIPPER.  The  petals  red.  NeBarium  flefh-co- 
-lour'd,  with  dark  red  veins.  In  moifl  fhady  places.  May- 
June. 

Catejhy  fays,  the  flowers  of  this  plant,  which  are  very  fin- 
jgular,  were  in  great  efleem  with  the  Indians  for  decking  their 
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Jialr.     They  called  it  the  Moccafin  Flower,     It  is  cafily  propa- 
gated in  gardens  by  tranfplanting  the  roots,  which  are  perennial. 

rRIANDRIA, 
SISYRINCHIUM.     Linn.  Gen.  Plant.  908. 
Slfyrinchium  cauk  foliifque  ancipitibus,     Syil.  Nat. 
BLUE-EYED  GRASS.     BlolToms  blue.    In  grafs  land.    May-— 
J^ne..    It  makes  very  pretty  edging  for  borders  in  gardens, 

poltandrta:- 

ARUM,     Linn,  Gen.  Plant.  915: 
Arum  acaule,  foliis  hajiato-cordatis  acutis  :  angulis  obtufis.- 
%ft.  Nat. 

CUCKOWPINT.  Dragon-root,  Wake-Robin.    Lords  &  Ladies. 
Spat  ha  ftriped  with  red  or  black..    Berries  red. 

The  frefh  root  is  extremely  acrid.     The  dried  root,  grated 
into  water,  is  frequently  given  as  a  carminative.     It  is  faid  the 
Indians   boiled  both  the  fhreded  roots  and  berries  with  their 
venifon.     Dr.  IVithering  fays,   the  root  has  been  employed  m 
medicine  as  a  ftimulant,   but  when  reduced  to  powder  it  loofes 
much  of  its  acrimony  j  and  there  is  reafon  to  fuppofe,  that  the 
compound  powder  which  takes  its-  name  from  this  plant,  owes 
its  virtue  chiefly  to-  the  other  ingredients  ;— that  there  is  no 
doubt-but  the- acrid  ■quality  of  the  plant  may  he  turned 'to  very 
ufeful   purpofes  ;  but  we  mu^  firft  learn  how  to  afcertain  its 
dofe.     He  fays,   the  root,  dried  and' powdered,  is 'ufed  by  the.. 
French  to  wafh  their  fkin  v/ith. — It  is  fold  afa  high  price,  un- - 
der  the  name  of  Cyprefs  Powder. — It  i^   undoubtedly  a  good 
and  an  innocent  cofmetic— When  the  acrimony  cf  the  roots  is  • 
extra^ed,   by  boiling  or' baking,  they  afford  a  very  mild  and. 
wholefome  nourl.liment.— M^ny  nations  prepare  the  only  bread'- 
they  have  from  plant?" iaracfimonious  as  tKs  ;  firfl  diiTipating . 
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the  noxious  qualities  by  the  force  of  heat. — Starch  may  be  made 
from  the  roots. 

CALLA.  Linn.  Gen.  Plant.  917. 
Calla  fill  Is  cordails,  [path  a  plana  ^  fpadlceundljue  hermaphro- 

dho.     Syft.  Nat. 

HEART-I.EAF  FLAG.     ^/'^A'A'Z- On  the  inner  fide  white,     5.ta~ 

.mina  yellow.     Berries  red.     In  watery  places. 

MONOECIA. 

MONANDRIA, 
ZANNICHELLIA.     Linn.  Gen.  Plant.  920. 
VDDITT.     Stems  hairy  ;  ered:.     Leaves  ovate  3  (lightly  fer- 
cated  ;  alternate.     BloiToms  in  pairs  in  the  axlllce  of  the  leaves. 
The  calLx  tinged Avith. red.     In  paftuces.     September. 

ELATERIUM.     Linn.  Gen.  Plant.   1036.  6  Edit. 
iviLD  CUCUMBER.   The  ftems,  leaves  and  blolToms  like  thofe 
of  the  cucumber.     Harnpton  falls,  in  the  Hate  of  New-Hamp- 
fili-e.     Augull — September, 

.TETANDRIA. 
BETULA.     Linn.  Gen.  Plant.  933. 
The  limits  of  this  paper  will  admit  of  giving  only  the  E?tg- 

llfh  names  of  this  and  the  following  genera   of  trees. The 

White  Birch.     The  Bla£k  Birch.     The  Alder ^  or  Owlcr. 

•URTICA.     Linn.  Gen.  Plant.  935, 
JJrtlca  follls  oppofttls  ovallbus,     Syil.  Nat. 
SETTLE.  Stinging  Nettle.     The  leaves  are  deeply  ferrated. 
The  young  fhoots,  early  in  the  fpring,  are  a  good  pot-herb. 
A  leaf  put  upon  the  tongue,  and  prefled  againft  the  roof  of  the 
.mouth,  is  faid-to  be  efficacious  in  flopping  a  bleeding  at  the 
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nofe.  The  parts  afFe<5led  in  paralytic  cafes  have  been  recovered 
by  flinging  them  with  this  plant.  Dr,  Witber'mg  £iys,  the 
flings  arc  very  curious  microfcopic  objc<5ts. — They  cOnfifl  of  an 
exceeding  fine  pointed,  tapering>  hollow  fubflance,  with  a  per- 
foration at  the  point,  and  a  bag  at  the  bafe.  When  the  fling 
is  prefTed  upon,  it  readily  pun£lurw3  the  fkin  j  and  the  fame 
preiTure  forces  up  an  acrimonious  fluid  from  the  bag,  v/hich  in- 
ftantly  fquirts  into  the  wound,  and  produces  an  effe^  which  al- 
mofl  every  one  has  experienced.  The  flalks  art  dreffed  like 
flax,  for  making  cloth  or  paper.  The  leaves  cut  fine,  and  mix- 
ed with  dough,  are  very  good  for  young  turkeys. 

PENrANDRIA. 
AMBROSIA,    linn.  Gen.  Plant.  938. 

A7nbrof,a  foliis  bipimiatijidis  :  racemis paniculatts  terminalibus 
glahris*     Syfl,   Nat. 

CONOT-WEED.  Roman  WormiiDood.  In  great  plenty  on  the 
l)orders  of  cultivated  fields.     September. 

It  is  generally  called  Roman  Wormwood,  and  feems  to  have 
been  miflaken  for  the  Artemijiamaritima,  Linn.  It  has  fbme- 
what  the  fmell  of  camphire.  It  is  ufed  in  antifceptic  fomenta- 
tions. When  it  abounds  amongfl  rye  or  barley,  the  feeds  are 
thrafhed  out  with  the  grain,  and  will  give  bread,  made  of  it, 
a  bitter  and  difagreeable  tafle. 

AMARANTHUS.     Linn.  Gen.  Plant.  ^41. 
Amaranthus  racemis  pentandris  compofitis  erects  foliis  oblongo- 
ovatis.     Syfl.  Nat.  ' 

HOG-WEED.  White  Amaranthus,  Amongfl  rubbifh.   Augufl. 

Amaranthus  racemis  pentandris  compojitis  patulo-nutantibui, 
foliis  lanceolato-ovatis,     Syfl.  Nat. 
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BLOODY  AMARANTHUS,    Love-Ues-a-bkeding,    Princes  Fea^ 
ther.     Amongft  rubbifli.     Auguft, 

A  decodlion  of  this  plant,  drank  freely,  has  been  found  effi-- 
cacious  in  uterine  haemorrhages,  when  other  powerful  ftyptics^ 
have  failed « 

POLTANDRIA. 
QUERCUS.     Linn.  Gen.  Plant.  949. 
The  White  Oak.     The  Red  Oak.     The  7^eIlow  Oak.     The: 
Grey  Oak.     Th^  Black  Oak.     The  Swa?np  Oak.     I'he  Chef- 
nut  Oak.     The  Shrub  Oak. 

JUGLANS.     Linn.  Gen.   Plant.  950. 
The  White  Walnut.     The  Red-hearted  Walnut.     The    Oil 
Nut,  or  Butter  Nut. 

FAGUS.     Linn.  Gen.  951. 
The  Larger  Chefnut.    The  Smaller  Chefnut,  with  egg-fliaped  . 
nuts.     The  Beech, 

CARFINUS,     Linn.  Gen.  Plant.  952. 
The  Horn  Beam. 

CORYLUS..    Linn.  Gen.  Plant.  953. 
The  Round-pelled  Hazle.     The  Long-felled  Hazle.  - 

LIQUIDAMBAR.     Linn.  Gen.   Plant.  955. 
Liquidambar  foliis  oblongis  finuatis.     Syft.  Nat. 
SWEET  FERN.     A  fmali  fhrub.     Common  in  dry  paflureSb 
July — Auguil. 

MONADELPHIA. 
PINUS.     Linn.  Gen.  Plant.  956. 
."Xh-Q  White 'Bine.    Th&  7  ellow  Pine.    The  Pitch  Pine,    The:- 
Norway  Pine.     The   White  Cedar,     The  Red  Cedar.     The 
Fir.     The  Hemlock,     The  Spruce,     The  "Taccamahac. 

DIOECIA. 
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SALIX.     Linn.  Gen.  Plant.  976. 

The  JVhite  Willow.  The  Red  Willow.  The  Ro/e  Willow. 
The  Dogwood,     The  Of.er. 

An  account  is  given,  in  the  Tranfa6i:ions  of  the  Royal  Soci- 
ety, (vol.  liii.  p.  195)  by  the  Rev.  Mr.  Stone,  of  the  great 
efficacy  of  white  willow  bark  in  curing  intermitting  fevers.  He 
gathered  the  bark  in  fummer,  when  it  was  full  of  fap  ; — dried 
it  by  a  gentle  heat,  and  gave  a  dram  of  it  powdered,  every  four 
liours  betwixt  the  fits.  In  a  few  obflinate  cafes  he  mixed  it 
with  one  fifth  part  o^  Peruvian  bark.  Some  j-udicious  phyii- 
cians,  here,  have  made  trial  of  the  bark  of  the  white  willow, 
apd  recommend  it  as  a  valuable  fubllitute  for  thtPeruvian  bark. 
They  have  ufed  principally  the  bark  of  the  roots, 

HEXANBRIA, 
SMILAX.     Linn.  Gen.  Plant.  992, 

Smilax  caule  inermi  tereti^  foliis  iiiermibus  :  caulinis  cordafisf 
rameis  ovato-oblongis  f     Syft.  Nat, 

BIND-WEED.  Bramble.  BlolToms  greenilli  white.  Berries 
black.     In  moifl  hedges.     June. 

OCTANDRIA. 
POPULUS.     Linn.  Gen.  Plant.  9960 
The  White  Poplar.     The  Trembling  Poplar,  or  JJpen  Tree. 
The  Black.  Poplar,  commonly  called,  in  the  northern  ftates,the 
Balm  of  Gilead, 

POLTANDRIA. 

CLIFFORTIA.     Linn.  Gen.  Plant.  1004. 

Cliffortia  foliis  ternatis  :  inter  medio  trident  ato.     Syft.  Nat. 

tHREE-LEAFED  CLIFFORTIA.  Snake-weed.  In  moift  land. 
May — June* 
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POLYGAMIA. 

MO-NO  EC  I  A. 
VERATRUM.     Linn.  Gen.  Plant.   1013. 

Veratrum  racemo  fupradecompofitOy  co7*GUis  ereElis,  Syll.  Nat:. 

WHITE  HELEBORE.    Poke-root.    Indian  Poke.     Common  in 
wet  meadows  and  fwamps.     June. 

The  root  is  a  m.oft  draftic  cathartic  and  iternutatory.^    Tii'e 
frefh  roots,  beaten  up  with  hog's  lard,  cures   the  itch.     It  is- 
faid,  the  roots  are  poifonous  to  fwine.     Crows- may  be  deftroy- 
ed  by  boiUng  Indian  corn  in  a  flrong  decodiion  of  tlie  fre£h  roots, . 
and  ftrewing  it  on  the  ground  where  they  refort. 

ACER,      Linn.  Gen.  Plant.  1023. 
The    Great  Maple,  or   Sycam^jre  l^ree.     The  Rock  Maple ^. 
The  Sugar  Maple. 

DICE  CIA: 
FRAXINUS.     Vnn.  Gen,  Plant.  1026. 
The  White  AJh.     The  Red  Afi.     The  Black  AJh.     The 
Prickley  Afi. 

PAI^JAX.     Linn.  Gen.  Plant.   1031, 

Panax  foliis  ternis  quinatis.     Syjft.   Nat. 

GINSENG.  Ninfin.    It  is  faid  to  grow  plentifully  in  fbme  parts- 
of  this,  and  in  fome  of  the  neighbouring  flates.     May — June, 

This  plant  is  the  famous  panacea  of  the  Chinefe,  to  which 
they  have  recourle  in  all  difeafes,  as  the  laft  remedy.'  The  Kii- 
rcpean  phyficians  eileem  it  a  good  medicine  in  convuliions,  ver- 
tigoes, and  all  nervous  complaints,,  and  recommend  it  as  one 
of  the  befl  reftoratives  known.  Its  dofe  is  from  ten  grains  to 
twenty,  in  powder  ;  and  from  one  dram  to  two  to  the  pint,  in 
infulons.  An  infuiion  of  the  leaves  is  drank  among  the  Chi-' 
nefe  and  'tartars,  by  people  of  diftindion,  inftead  of  tea  ^  but 
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k  is  too  dear  for  the  common  people  to  ufe.  The  dried  roots 
and  leaves  are  faid  to  be  fold  amongft  them  for  three  times  their 
weight  in  filver.  The  young  roots  are  preferred  to  the  old. 
They  colled:  the  roots  only  in  the  fpring  and  fall.  They  are 
wafhed  in  a  decoction  of  millet  feed,  and  then  fufpended  over 
the  fumes  of  the  fame  liquor,  in  a  clofe  vefTel^  v^^hile  it  is  boiU 
ifig.  After  this,  they  dry  it  for  ufe  3  and  when  dried,  it  be- 
comes almoft  tranfparent. ■  The  young  fibres  which'  are  taken 
off,  they  boil  in  water,  and  make  an  extract  of  them,  which 
they  ufe  in  the  fame  intention  with  the  root.  From  the  quan- 
tity that  grows  in  this  country,  and  the  demand  for  it  in  the 
EaJi-IndieSy  and  other  parts  of  the  v/orld,  we  have  realbn  to  ■ 
hope  it  will  become  a  valuable  exports 

The  indigenous  plants  of  the  twenty-fourth  clafs,    v/hofe 
flowers  are  inconfpicuous,  are  too  numerous  to  be  defcribed  hv 
this  paper.- 
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XXV.     A  Letter  on  ihe  \Retreat  of  Moufe-Swallows  in  Winter., 
from  the  HonouraMe  Samuel  Dexter,  Efq;  to  the  Ho- 
nourable James  Bowdoin,  Efq-y  Fref.  A.  A, 

Dedham,  June  3,    1783c 
Dear  Sip., 

M  O  N  G  mopc  important  branches  of  natural  hiftory. 
with  which  you  are  converfant,  ornithology  cannot  have 
cfcaped  your  notice. 

I  know  it  has  besn  a  problem  among  naturalifts,  whether 
certain  fpecies  of  birds  emigrate  in  autumn  to  diftant  countries, 
and  return  in  the  fpring,  or  remain  with  us  during  the  winter, 
in  a  torpid  ftate  ;  and  that  the  former  opinion  has  generally 
prevailed.  When,  therefore,  I  acquaint  you  that  I  have  adopt- 
ed the  latter,  with  refpe<ft  to  the  houfef wallow,  you  v/ill  juftly 
exped:  that  I  give  you  fubftantial  reafons  for  differing  from  fo 
many  who  have  maintained  the  contrary. 

The  late  Judge  Fofter,  of  Brookfeld,  a  year  or  two  before 
his  death,  affured  me,  that  he  faw  a  certain  pond  drained,  about 
the  feafon  of  the  year  when  the  fwallows  iirft  appear.  The 
bufinefs  being  effedied,  and  the  weather  fair  and  warm,  he, 
with  feveral  others,  obferved  a  rippling  motion  in  many  parts  of 
the  emptied  hollow  ;  which,  on  a  near  infpe<£tion,  they  found 
to  be  occafioned  by  a  multitude  of  fwallows,  endeavouring  to 
difengage  themfelves  from  the  mud,  which  was  fcarcely  cover- 
ed by  the  fhallow  remains  of  water. 

I  fhall  now  mention  fome  other  fads,  which  render  it  pro- 
bable, that  this  fort  of  fwallows  fink  into  ponds  and  rivers,  in 
the  fall  of  the  year,  and  lie  there,  benumbed  and  motionlefs, 
.antil  the  return  of  fpring. 

You 
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Tou  bnow.  Sir,  that  my  houfe  is  near  a  large  river.  This 
liver  is,  in  many  parts,  (hallow,  and  has  a  muddy  bottom.  A 
former  neighbour  of  mine,  a  plain,  honeft  and  fenfible  man, 
now  deceafed,  who  lived  ftill  nearer  to  the  river,  ufed  frequent- 
ly to  fay  to  me,  as  the  warm  weather  came  on  in  the  fpring, 
*'  it  is  almoft  time  for  the  fwallows  to  come  out  of  the  mud, 
where  they  have  lain  all  winter."  On  my  calling  his  philofo- 
phy,  once  and  again,  in  queftion,  and  fiying,  as  I  formerly  be- 
lieved, that  doubtlefs  they  were  birds  of  paffage,  he  has  re- 
peatedly afTured  me,  he  had,  in  the  autumn  of  many  years,  feen 
great  numbers  of  them,  on  one  day  only  in  each  year,  and  near- 
ly about,  but  not  always  on  the  fame  day  of  the  month,  fitting 
on  the  willow  bufhes,  (which,  by  the  way,  they  are  not  wont 
to  roofl  upon  at  other  times)  on  the  borders  of  the  river,  a  little 
after  funfet  : — That  they  feemed  as  if  their  torpitude  had  al- 
ready begun,  as  they  would  not  flir  from  the  twigs,  which^ 
by  the  weight  of  the  fwallows,  were  bent  down  almoft  to  the 
water  ; — and  that  although  he  had  never  k^n  them  link  into  it, 
yet  he  had  waited  till  it  was  fo  dark  that  he  could  not  difcern 
them  at  all  ;  and  doubted  not  of  their  immerfion  any  more  than 
if  he  had  been  a  wittrefs  of  it  -,  for  he  had  never  obferved  any- 
flying  about  afterwards,  till  the  return  of  fpring.  He  added, 
that  if,  as  he  wifhed,  I  would  carefully  look  out  for  their  refur- 
redion,  he  believed  it  would  not  be  in  vain=  He  had,  he  faid, 
often  taken  notice  that  only  a  ^qw  appeared  at  iirft,  and  the 
main  body  in  about  a  week  after. 

Although  I  paid- littk  regard  to  it  for  fome  years,  yet  I  fol- 
lowed his  advice  at  length,  and  watched  for  their  appearance 
feveral  feafons,  as  carefully  as  I  could.  I  have  not  indeed  beheld 
them  rifing  out  of  the  watej  y  yet  I  and  my  family  have,    in 

more 


49  *^  ^^'  Dexter,  on  the  Retrtaty  Be, 

more  yeai'S  than  one,  ((ztn,  at  the  proper  time  in  the  fpring, 
v^ry  large  flocks  of  them,  in  my  own,  and  in  my  neighbour's 
land,  fo  near  the  margin  of  the  river,  that,  from  that  circum- 
ilance,-  the  appearance  of  their  featb.ers,  and  their  being  unable 
to  ufe  their  wings  as  at  other  times,  we  concluded  they  were 
newly  emerged  from  the  water.  When  they  attempted  to  fly, 
they  could  not  reach  ahoveeightor  ten  yards  before  they  fettled 
to  the  ground,  and  then  might  be  drove  about  like  chickens. 
They  appeared  unwilling  to  he  difturbed  -,  and,  i^  not  fright- 
ened by  fome  noifeor  motion,  would  clufler  -together,  feeming 
to  want  to  reft  themfclves,  as  if  feeble,  or  fatigued. — They 
were  not  entirely  recovered  from  their  {lupor, — -there  was  a  vifcous 
fubftance  on  and  about  their  wings, — or  they  were  too  weak  to 
fly  away.  We  had  fcen  none  in  thofe  years  before  ;  but  in  each 
of  them,  after  a  day  or  two,  they  were  flying  about  as  ufual  in 
fummer. 

In  addition  to  the  foregoing,  I  can  afliire  you,  on  the  mort: 
credible  tefl:imony,  that  there  have  been  more  infl:ances  than  one 
of  a  pickerel's  being  caught  in  this  river,  at  the  feafon  of  the 
coming  of  fwallows,  with  one  of  thofe  birds  in  its  belly. 

I  may  poffibly  overrate  thefe  difcoveries,  yet,  as  I  cannot  over- 
rate your  candour,  I  hope  to  lofe  no  credit  by  communicating 
them  to  an  old  and  faithful  friend,  who,  though  he  Should  not 
be  informed,  may  poffibly  be  amufed  by  them. 
I  am,  with  the  (incereft  efteem. 

Sir,  your  mofl:  obedient  fervant. 

SAMUEL     DEXTER, 
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XXVL     j^n  Account  of  an  Air-Fump  on  a  neix)  uonfl'ruition  ; 

with  fome  Obfervations  on  the  cofmhon  Air-Pump^  and  Mr. 

Smeaton 's  improvement :  In  a  Letter  from  the  Rev.  Jon  li 

Prince  to  the  Rev,  Joseph  Willard,  Rrefident  of  the 

Univerfty  of  Cambridge. 

SaJe?77y  Nov.   lo,    1783-. 
Rev.  and  dear  Sir, 

AGREEABLE  to  your  requeft,  I  will  endeavour  to  give 
you  fome  account  of  the  air-pump  I  have  lately   con- 
ilruded,   upon  a  plan  different  from  any  I  have  ever  feen, 

Reading  the  account  of  the  ingenious  Mr.  Smeaton  s  air- 
pump,  in  vol.  xlvii.  of  the  Philoiophical  Trahfadions,  and 
the  high  recommendation  of  it  by  Dr.  Priejiley.,  in  vol.  Ixiv.  of 
the  fame  work,  I  was  defirous  of  pofleffing  one  of  that  kind  : 
but  finding,  by  the  Do<5tor's  paper,  they  were  rfot  commonly 
made  by  the  philofophical  inflrument -makers  in  London,  it  in- 
duced me  to  attempt  making  one  myfelf,  with  fuch  afliftance 
as  I  could  get  here. 

Before  I  had  proceeded  far,  I  thought  Mr.  Smeaton  s  pump 
might  be  improved,  if  not  in  its  power  of  rarifying  the  air,  at 
kil  in  limplicity.  With  this  in  view,  I  have  finiilied  mine. 
To  fhow  the  ground  on  which  I  have  gone,  it  will  be  necefiary 
to  confider  the  rationale  of  an  air-pump,  and  make  fome  obfer- 
vations  on  Mr.  Smeaton  s.  It  is  well  known  that  the  valve  at 
the  bottom  of  the  barrel  of  an  air-pump  is  opened  by  the  fpring 
of  the  air  adling  again  ft  it  underneath,  when  the  weight  of  the 
air  is  removed  from  the  top  of  the  valve,  by  raifing  the  piilon 
in  the  barrel.  In  order  to  remove  this  refiftance  from  the  top 
of  the  valve  moil  effedually,  the  piftoA  fhould  be  made  to  fit 
very  exactly  to  the  valve-plate,  when  put  down  upon  it  : 
for  if  there  be  any  fpace  between  the  bottom  of  the  pifton  and 

P  p  p  valve, 
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valve,  part  of  the  air  will  be  retained  in  it  >  and   this  air,,  even*^ 
vi^hen  thcpifton  is  raifed  to  the  higheft,  will,  by  its  expanfionj., 
in  fome  meafure,  obftrudl  the  opening  of  the  valve.     When  the 
air  in   the  receiver,  or  underneath  the  valve,  is  rarefied  to  an- 
equal  degree  with  the  air  contained,  in  the    barrel,    (the  piiloix 
being  drawn  up  to  the  higheft)   the  valve  can   rife  no  longer^ 
bccaufe  the  refiftance  above  is  equal  to  the  power  below.     The 
refinance  from  this  air,  retained  in  the  barrel,  againft  the  valve 
at  the  bottom,  will  be  uniformly  the  fame,  when  the  piilon  is 
at  the  fame  diftancc  from  it  -,  becaufe  the  weight  of  the  at- 
mofphere  is   continually  preffing  on  the  pifton-valve,  and  will' 
prevent  the  air  below  paffing  through  it,  while  tliis  air  is  rarer: 
than  the  atmcfphcre :  and  when  the  piflOn  is  put  down  to  the 
bottom  of  the  barrel,  it  will  not  efcape  through, the  pifton,  but 
only  be  com preiied  into:  the  vacancy   between    the  bottom    of 
the  pifton  and  the  valve-plate  at  the  bottom  of  the  barrel^  an  J 
be  of  equal  denfity  with  the  atmofphere..    Befides   the  refin- 
ance arifing  from  this  retained  air,  we  muil  confider  the  weight* 
of  the   valve,  its  cohefion  to  the  pkte,  occafioned  by  the  oil, 
and  its  being  llretched  tigh_t  over  the  hole,  as  increafi ng  the  ob^ 
ftrudiion  ;.  efpecially  when  the  fp ring  of  the  air  under  the  valve- 
is  much  weakened  by  rarefaftion.     And  if  we  take  into  the  ae~ 
count  the  refiflance.  arifing. from  thefccaufes,  the  denfity  of  the 
air  in,  the  barrel,  when  compreiTed  into  the  abovementioned. va- 
cancy, will  be  as  much  greater  than  the  deniity  of  the  atmof- 
phere-above  the  pifton,  as  the  addition   of  this   refiftance;  for 
this  obftrutSion  belongs  to  the  pifton- valve,  as   well  as  to  the 
other-     And  fo  alfo,  when  this  retained  air  is  expanded,  fay  one 
hundred  times,  by  raifing  the  pifton,  the  air  in  the  receiver  can- 
not be  rarefied  to  the  fune  degree,  becaufe  of  this  reiiftance  of 
the  valve  at  the  bottom  of  the  barrel »  j^ 
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.  t-n  order  to  produce  a  greater  rarefadtion  of  the  air  in  the  re- 
«C€iver  than  what  the  common  pump  will  cfFed,  the  valves, 
where  ufed,  muft  be  made  to  open  eafier,  by  removing,  as  far 
as  poffible,  thefe  obftru6tions.  In  the  common  pump  thcfe 
impediments  are  great ;  becaufe  the  furface  of  the  valve,  which 
is  expofed  to  the  air  underneath,  is  generally  very  fmall ;  and 
the  vacancy  between  the  pifton  and  the  bottom  of  the  barrel 
hears  a  greater  proportion  to  the  whole  barrel  than  it  would  if 
the  work  were  properly  executed, 

Thefe  imperfecftions  Mr.  Sineaton  confidered  and  endeavoured 
to  remove  in  the  conftrudion  of  his  pump.  For  this  purpofa 
he  expofed  a  much  larger  furface  of  the  lower  valve  to  the  air 
underneath,  by  forming  a  kind  of  grating  in  the  plate.  By  this 
the  cohefion  was  leflened,  and  more  power  could  apply  to  open 
the  valve  in  the  firft  inflant.  The  difficulty  arifmg  from  the 
air  retained  in  the  barrel  he  removed,  in  a  great  meafurs?,  by 
making  the  pifton  fit  more  nicely  to  the  bottom,  and  by  taking 
•the  weight  of  the  atmofphere  from  off  the  piflon,  v/hich  allowed 
the  valve  in  it  to  be  more  eafily  opened,  io  that  much  more  of  the 
air  could  pafs  through  it.  The  v/eight  of  the  atmofphere  he 
removed  from  the  pifton,  by  clofing  the  top  of  the  barrel  with 
a  plate,  on  which  he  fixed  a  collar  of  leathers  ^  through  this 
the  cylindrical  part  of  the  pifton-rod  moves  air-tight.  And  the 
air,  having  pafTed  through  the  pillon,  is  forced  out  of  the  bar* 
rel  through  a  hole  in  the  top-plate,  over  which  is  a  valve  to 
prevent  the  return  of  air,  when  the  pijflon  defce«ds.  The  pif-^ 
ton  is  made  to  fit  as  exacflly  to  the  top,  as  to  the  bottom  of  the 
barrel,  to  exclude  the  air  more  effedually. 

By  this  improvement,  Mr.  Smeaton  fays,  *' I  have  been  able  to 
"  rarefy  the  air  one  thoufand  times,  when  the  pimip  was  put 

P  p  p  2  "  clean 
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**  clean  together  3  and  that  it  feldom  failed  of  doing  it  fivehun— 
**  dred,  after  it  had  been  ufed  for  feveral  months  without  clean- 
**  ing  :  whereas  the  degree  of  rarefadiion  produced  by  the  beftr 
**  common  pumps  never  exceeded  one  hundredand  forty  times^ 
**  when  tried  by  my  gage." 

I  have  taken  up  much  of  your  time  in.  this  account'-;,  but  I 
hope  you  will  not  think  unneceflarily,  as.  it^  jhcwe  thei^rjotiHdT 
on  which  I  have  gone,  andadefcriptioii®f  Mr.:5ivYs32^5;-5/i  pump 
is,  in  fome  meafure,  a  defcription  of  mijie*: 

Mr.  Smeatofi  having  done  fo  much  to  facilitate:  the- opdning 
of  the  valves,  at  the  bottom  of  thfi  barrel,  ?.ndin  the  p«-iflon-,  by^- 
which  means -he  carried  the  degrat  of  rareflKftioii  much  Rirther 
than  tlie  common  pump  could  do  -,  I  iiippofed,  if  thofe  valves" 
were  entirely  removed,  and  the  remaining  air  in  the  barrel' could' 
be  more  perf&ftly.  expelled,  the  rarefaction  might  be  crrrried  fl:ill 
further.  Upon  this  plan  I  Iiaveconllrudedmypump.  I  have 
removed  the  lower  valve,  and  opened  the  bottom  of  the  barrel 
into  a  ciflern,  on  v/hichit  is  placed,  and  which  has  a  free  com- 
nuunieation  with  the  receiver.  For  the  valve  on  the  plate,  at 
the  top  of  the  barrel,  (which  is  conftrudted  like  Mr.  Smcatojisy 
makes  it  unneceiTary  there  /liould  be  any  at  the  bottom,  in  or— 
d^  to. rarefy  the  air  in  the  receiver. 

•The  ciflern  is  deep  enough  to  allow  the  pifton  to  defcend 
into;  Jtj  below  the  bottom  of  the  barrel.  Suppofe  then  the 
piilon,tobe  folid;  that  is, without  a  valve  in  it;  when  it  enters 
the  barrel  and  rifes  to  the  top  plate,  which  is  made  air-tight 
with  a  collar  of  leathers,  &c.  like  Mr.  Smeatons,  it  forces  out 
all  the  air  above  it ;  and  -as  the  air  cannot  return  into  the  barrel, 
on  account  of  the  valve  on  the  top-plate,  when  the  pifton  de- 

fcends-  there  will  be  a  vacuum  formed  betweeu  that  and  the 

plate  ^ 
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plate  ;  every  thing  being  fuppofed  perfe<fl.  But  in  work- 
ing the  pump,  the  pifton  is  not  allowed  to  defcend  en- 
tirely into  the  ciftern,  fo  far  as  to  leave  the  bottom  of  the 
barrel  open  -,  becaufe,  as  the  ciflem,  for  another  purpofe,  is 
made  larger  than  the  bore  of  the  barrel,  this  might  make  the 
piilon -rod  work  unfteadily  in  the  collar  of  leathers,  and  caufe 
it  to  leak  :  but  it  defcends  below  a  hole  in  the  fide  of  the  bar- 
rel, near  the  bottom,  which  opens  a  free  communication  between 
the  barrel,  ciftern,  and  receiver.  Through  this  hole  the  air 
rufhes  from  the  ciftern  into  the  exhaufted  barrel,  when  the 
pifton  has  dropped  below  it ;  and  by  its  next  afcent  this  air  is 
forced  out  as  the  other  was  before.  If  now  the  capacity  of  the 
receiver,  ciftern,  pipes,  &c.  below  the  bottom  of  the  barrel^ 
taken  together,  be  equal  to  the  capacity  of  the  barrel,  half  the 
remaining  air  will  be  expelled  by  every  ftroke. 

But  as  the  working  a  pump  of  this  kind,  with  a  folid  pifton,'  - 
would  be  laborious,  on  account  of  the  refiftance  it  would  meet 
with  in  its  defcent  from  the  air  beneath,  (though  this  -would  be 
leftened  by  every  ftrokcyas  the  air  became  more  rarefied)  I  have^ 
to  remedy  this  inconvenience,  pierced  three  holes  in  the  pifton;, 
at  equal  diftances  from  each  other  -,  and  a  circular  piece  of  blad- 
der, which  is  tied' over  the  top  of  the,  pifton,  to  make  the  joint 
more  perfetfl  with  the  top-plate,  and  to  defend  them  from  in- 
jury Wheii  the  pifton  is  brought  up  again  ft  it,  forms  a  kind  of^ 
valve  over  ths  holes,  which  opens  eafy  enough  to  prevent  any 
labo ar  in  working  the  pump,  as  it  allows  the  air  to  pafs  through 
the  pifton  wlien  it  defcends.  But  the  air  does  not  necelTarily:. 
depend  upon  a  paffage  through  the  pifton  in  order  to  get  inta 
the,  barrel :  for  when  the  air  becomes  fo  weak,  from- its  rarefac- 
tion, that  it  cannot  open  this  valvC;,  it  will  ftill  get  into  the  bar- 
rel 
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rel  when  th«  communication  is  opened  by  sthe  hole  at  the  bot- 
tom. This  pifton,  therefore,  will  defcend  as  eafy.as  any  other  ; 
and  this  valve  does  not  impede  the  rarefaction  j  fince  it  is  of  no 
donfequence,  as  to  this,  whether  it  open  or  not.  By  this  con- 
flrudion,  the  valves,  which  Mr.  Smeaton  only  made  to  open 
with  more  eafe,  are  rendered  unneceflary  in  rarefying  the  air : 
and  that  at  the  bottom  of  the  barrel,  which  is  the  moil  diffi- 
cult to  be  made  and  kept  in  order,  is  entirely  removed;  that 
on  the  top-plate  being  the  only  one  .necei]ary  in  rarefying  the 
air. 

But  as  in  a  fingle  barrelled  pump  of  this  conflrudion,  where 
there. is  no  valve  at  the  bottom  to  prevent  the  air,  which  fol- 
lows up  the  pifton  in  its  afcent,  from  returning  into  the  re- 
ceiver in  its  defcent,  a  fluduation  v/ould  be  produced,  which 
might  prove  detrimental  in  fome  experiments,  this  pump  is 
made  with  two  barrels,  which  rarefies  the  air  at  every  flroke  of 
the  winch.  In  this  conftrudion,  the  capacity  of  the  two  bar- 
rels, taken  together,  below  the  piflons,  is  always  the  fame  ;  for 
while  one  is  defcending,  the  other  is  afcending  -,  and  what  is 
taken  from  the  one  is  added  to  the  other. 

Having  thus  fet  afide  the  valves,  which  in  fome  meafure  pre- 
vented the  air  from  getting  into  the  barrel  and  above  the  pifton, 
I  next  attempted  to  expel  the  air  more  perfedly  out  of  the  bar- 
_rel  than  Mr.  Sineatoii  has  done,  by  making  a  better  vacuum  be- 
tween the  pifton  and  the  top-plate,  which  would  allow  more 
of  the  air  to  expand  itfelf  into  the  barrel  from  the  receiver. 
But  to  fliow  in  what  manner  I  have  attempted  this,  it  will  be 
neceftary  to  give  fome  further  defcription  oi  the  machine. 

I  have,  upon  Mr.  Smeatons  plan,  contrived  to  connecfl  the 
yalves  on  the  top-plates  with  the  receiver,  occafionally,  by 

means 
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means  of  a  pipe  and  cock,  by  the  turning  of  which,   the  man 
chine  may  be  made  to  exhauft  or  condenfe  at  pleafure.     This 
is  done   in  tlie  following  manner  :  There  is  a  crofs -piece   laid 
over  the  valves,  extending  from  one  barrel  to  the  other,  which 
lias  a  du6t  through  it,  connected  with  a  fmall  pipe  {landing  be- 
tween the  barrels  :  through  this  pipe  the  air  paffes  into  a  dud 
in  the  bottom-piece  leading  to  the  cock.     In  this  piece  is  like- 
wife  the  dudt  leading  from  the  ciftern  to  the  cock  ^   and  with 
this  cock  alfo  is  connected  the  pipe  leading   to  the  receive?. 
The  key  is  pierced  with  two  holes  in  fuch  a  manner,  that  one 
of  them  will  conned:  the  pipe  coming  from  the  receiver  with 
the  dudl  in  the  bottom-piece  leading  to  the  ciflern,  or  with 
the  other  leading  to  the  valves,  as  may  be  required  for  exhaufl- 
ing,  or  condenfmg.     The  other  hole  through  the  key  will  open, 
occalionally,    to   the  atmofphere,  either  of  thefe  duds-  round 
the  cock.     So  that  having  the  direction  of  the  air  which  paffes 
through  the  valves,, under  the  command  of  this  cock,,  the  pump 
may  exhaufl  or  condenfe.  at  pleafure  :  for  when   the  key  con- 
ne(fls  the  pipe  from   the  receiver,  and  the  dudt  leading  to  the 
cillerns  together, ..the  pump  will  exhauii;  and  v*^henit  conne<f^s 
the  pipe  with  the  dui6t  leading  to^the  valves,. it  will  condenfe;; 
as  the  other  hole  in  the  key,  at  the  fame  time,  opens  to  the  at- 
mofphere the  dudl  leading  to  the  ciftems,  by  which  paffage  the 
air  enters  the  barrel:  from  the  atmo^i^here,  is   forced  out  at  the 
valves,  and  through  the  pipe  and  cock  into  the  receiver.     In  this 
part  of  the  machine  which  is  contrived  for  condenfation,  I 
have,  by  an   additional  part,  endeavoured  to  get  the  air  mere 
perfe<£lly  out  of  the  barrel; 

We   have  feen  that  Mr.  aS/;2£?j/5W,  by  making  the  pifbon- of 
his  pump  fit  more  exa(5tly  to  the  bottom  of  the  barrel,  and  by 

ihutting^ 


504  Mr,  VriiJCe's  Account  ^ 

fhutting  up  the  top  to  prevent  the  prejffure.  of  .the  atmorphere 
on  the  pifton-valve,  was  able  to  get  more  of  the  air  above  it 
than  could  be  effed:ed  in  the  common  pum^.  But  ftill  the  dif- 
ficulty, though  fo  far  removed,  remains  in  the  top  of  the. bar- 
rel :  for  as  the  piflon  cannot  be  made  to  fit  fo  exactly  to  the 
top- plate,  but  that  thdre  will  he  feme  lodgment  for  air,  it  is 
impoffible  to  expel  it  entirely  ;  more,  perhaps,  might  be  expel- 
led if  the  valve  on  the  top  could  be  made  to  open  more  eafily,  by- 
removing  the  weight  of  the  air  from  it  ;  for  the  atmofphere, 
preffing  on  this  valve,  vWll  prevent  its  opening  freely,  in  the 
fame  manner  as  when  preffing  on  the  piften-valve,  it  obfcruds 
the  opening  of  that  in  the  common  pump. 

The  difficulty  which  Mr.  Smeaton  removed  from  the  pifton- 
valves,  I  have  endeavoured  to  remove  from  the  valve  on  the  top- 
plate  j   that  this    valve,  having  the  preffiire  of  the  atmofphere 
taken  off,  might  open  with  the  fame  eafe  as    the   pifton-valve 
does  in  his  pump.     To  effed;  this,  there  is  connected  with  the 
dudt  on  the  bottom-piece,   which  conveys    the  air  from  the 
valves  to  the  cock,  a  fmall  pump  of  the  fan>e  conflrucflion  as 
the  large  one  ;  having  the  barrel  opening  into  a  ciflern,  the  pif- 
ton-rod  moving  through  a  collar  of  leathers,  and  a  valve  near 
the  top,  through  which  the  air  is  forced  into  the  atmofphere. 
This  piflon  is  folid ;  becaufe  the  diameter,  being  only  half-inch, 
does  not  make  it  work  hard.     This  pump,  which  is  of  one 
barrel  only,  T  call  the  valve-pump  -,  its  chief  ufe  being  to  rarefy 
the  air  above  the  valves,  or   remove  the  weight  of  the  atmof- 
phere from   off  them.     To  ufe  this  pump,  it  is  neceffary  the 
key  of  the  cock  fhould  be  pierced  differently  from  that  of  Mr. 
Smeatojis  ;  for  as  the  pipes  round  his  are  placed  at  equal   dif- 
tances,  when  the  one  from  the  bottom  of  the  barrel  is  conned:ed 
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with  that  from  the  receiver  to  exhauft  it,  the  other,  from  the  valve 
on  the  top-plate,  is  opened  to  the  atmofphere  by  the  other  paf- 
fagc  through  the  cock.     But  in  order  to  rarefy  the  air  above 
the  valve  in  my  pump,  it  is  neceflary  this  laft  pafTage  fhould  be 
fliut  up,  when  the  valve-pump  is  ufed.     Inftead,  therefore,  of 
placing  the  three  du(5ls  at  equal  diftances  round  the  cock,  I  have 
divided  the  whole  into  five  equal  parts  ;  leaving  the  diftance  of 
-one-fifth  between   the  dud:s  leading  from  the  ciflern  and  the 
valves  to  the  cock,  and  two-fifths  between  each  of  thefe  and 
the  one  leading  from  the  cock  to  the  receiver.     By  this  adjuft- 
ment,  when  the  communication  is  open  between  the  receiver 
and  valves,  for  condeniation,  the  other  hole  through  the  cock 
opens  the  cifterns  to  the  atmofphere  :  but  when  the  communi- 
cation is  made  between  the  cifterns  and  the  receiver,  for  exhauf- 
tion^  a  folid  part  of  tile  key  comes  againfl  the  du6l  leading  to 
the  valves,  and  fhuts  it  up  ;  and  the  air,  v/hich  is  forced  out  of 
the  barrel,  pafTes  into  the  atmofphere  through  the  valve-pump  ; 
for  the  valve  of  the  fmall  pump  may  be  kept  open  while  the 
■great  one  is  worked. 

Now,  to  apply  Mr.  Smeatons  reafoning  to  this  conftrudtion. 
After  mentioning  his  taking  off  the  weight  of  the  atmofphere 
from  the  pifbon,  by  fiiutting  up  the  top  of  the  barrel,  he  fays, 
•**  The  confequencc  of  this  conftrud:ion  is,  that  when  the  pif- 
**  ton  is  put  down  to  the  bottom  of  the  cylinder,  the  air  in  the 
**  lodgement  under  the  piilon  will  evacuate  itfelf  fo  much  the 
**  more,  as  the  valve  of  the  pifton  opens  more  eafily,  when 
<*  preiTed  by  the  rarefied  air  above  it,  than  when  prefled  by  the 
*■*  whole  weight  of  the  atmofphere.  Hence,  as  the  pifton  may 
**  be  made  to  fit  as  nearly  to  the  top  of  the  cylinder,  as  it  can  to 
*/  the  bottom,  the  air  may  be  rarefied  as  much  above  thepifton 
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*'  as  it  could  before  have  been  in  the  receiver-r     It  follows 
"  therefore,  that  the  air  may  now  be  rarefied  in  the  receiver 
"  in  duplicate  proportion  of  what  it  could  be  upon  the  com- 
f*  mon  principle  5  every  thing  elfe  being  fuppofed  perfed:.'* 
The  fame  may  be  faid  with  regard  to  the  valve  on  the  top-plate 
in  this  machine.     It  will  open  more  eafily,  when  pre(ied  by 
the  rarefied  air  above  it,  than  when  prelled  by  the  weio-ht  of 
the  whole  atmofphere.     Hence,  as  by  the  conilrudion  of  the 
valve-pump  the  air  may  be  rarefied  as  much  above  the  valves , 
as  it  could  before  have  been  in  the  barrel  and  receiver,  with 
which  there  is  a  free  communication  :  it  therefore  follows,  that 
the  air  may  now  be  rarefied  in  the  receiver  in  duplicate  propor- 
tion of  what  it  could  be  by  Vh^  Stneatoris  pump  ;  every  thing 
clfe  being  fuppofed  perfeft  ;  and  the  nature  of  the  air  permit- 
ting it. 

In  this  eflimation,  any  advantage  which  may  arife  from  the 
removal  of  the  valves  at  the  bottom  of  the  barrels  and  in  the 
pifton,  is  not  confidered  :  But  if  they  made  any  refiftance  in 
Mr.  Smeatons  pump,  may  we  not  conclude,  that  the  rarefac- 
tion might  be  carried  further  by  a  machine  wherein  no  fuch 
valves  are  made  ufe  of  ?  Mr.  Smeaton  iays,  that  when  he 
contrived  to  open  his  valves  by  the  winch,  independent  of  the 
fpring  of  air,  he  did  not  find  it  anfwer  the  purpofe  better  than. 
when  the  air  was  the  agent.  There  is  no  reafoning  againft  ex- 
periment :  but  it  certainly  appears  probable  from  theory,  that 
■there  muft  be  confidcrable  refiftance  from  the  valves  when  the 
air  is  greatly  rarefied. 

He  afterwards  fays,  **  the  degree,  to  which  I  have  been  able 
**  to- rarefy  the  air,  by  experiment,  has  generally  been  about  one 
*'  thoufand  times,  when  the  pump  is  put  clean  together  :  but 
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^*  tlie  moiflurc  that  adheres  to  the  infide  of  the  barrel,  as  well 
**  as  the  other  internal  parts,  upon  letting  in  the  air,  is,  in  the 
«*  fame  fucceeding  ti'ials,  worked  together  with  the  oil,  which 
**  foon  renders  it  £o  clanimy  as  to  obftrud:  the  action  of  the 
*'  pump,  upon  a  fluid  fo  fubtle  as  the  air  is,  when  fo  much 
"  expanded. — But  in  this  cafe  it  feldom  fails  to  adt  upon  the 
**  air  in  the  receiver,  till  it  is  expanded  five  hundred  times  :  and 
*'  this  I  have  found  it  to  do,  after  being  frequently  ufed  forfeveral 
**  months  without  cleaning/*  Does  it  not  appear  probable,  that 
this  clamminefs  muft  have  a  bad  eife6t  upon  the  valves,  as  well  as 
the  other  internal  parts  of  the  pump,  in  thofe  fame  fucceeding 
^trials  ?  and  that  the  ftiffnefs  which  the  oil  acquires  by  evapora- 
tion, the  corrofion  of  the  brafs,  6cc.  when  the  pump  is  foul, 
muft  greatly  obftru<5t  the  opening  of  the  valves,  and  bear  a  prin- 
ciple part  in  reducing  the  rarefadtion  from  one  thoufand  to  five 
hundred  times  ? 

I  fuppofed  the  valves  to  be  a  great  obftrudion,  and  have  en*- 
deavoured  to  avoid  them  :  and  if  no  further  advantage  be  de- 
rived from  it,  the  machine  is  more  fimple  without  them. 

Upon  this  conftrudtion,  alfo,  we  are  able  to  make  the  pump 
with  tv/o  barrels,  like  the  common  pump,  which  cannot  be 
done  coaveniently  where  the  lower  valve  is  retained  j  becaufe  it 
would  be  difficult  to  make  the  pifton  in  one  barrel  come  ex- 
actly to  the  bottom,  at  the  lame  time  that  the  pifton  in  the 
other  touched  as  exadlly  at  the  top  :  it  would,  at  leaft,  require  - 
a  nicety  in  the  workmanfhip,  which  would  be  troublefomc  to 
execute. 

In  this  pump,  the  piftons  do  not  move  the  whole  length  of 
the  barrels  :  there  is  a  horizontal  fedlion  made  in  them,  a  little 
more  than  half  way  from  the  bottom,  vi^here  the  top-plates  are 
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inferted.  By  this  mean  the  pump  is  made  more  convenienfand^ 
iimple,  as  the  head  of  it  is  brought  down- upon  the  top  of  the 
barrels,,  in  the  fame  manner  as  in  the  common  air-pump.  The 
barrels  alfo  iland  upon  the  fame  plane  with  the  receiver-plate  ;. 
and  this  plane  is  raifed  high  enough  to  admit  the  common  gage 
of  thirt)"-two  or  three  inches^  to  ftand  under  it,  without  any 
inconvenience  in  working  the  pump,  as  the  winch  moves  thro' 
a  iejs  portion  of  an  arch,  at  each  ilroke,  than  it  would  if  the 
piftons  moved  the  whole  length  of  the  barrels. 

There  is  alfo  placed,  between  the  barrels  in  this  pump,  ou. 
the* crois- piece  over  the  valves,  a  gage  to  meafure  the  degree 
of  condeniation,  having  a  free  communication- with  the  valves-^ 
cock,  &c..    This  gage  is  fo  conftruifLed,    that  it  will  alfo  ferve 
to  meafure  the  rarefaction  above  the  valves,  when  the  air  is 
worked  off  by  the  valve-pump»      It.  confifts   of  a  pedeflal, 
which  forms  a  ciflern  for  the  mercury,  a  hollow  brafs  pillar,, 
and  glafs  tube,  hermetically  fealed  at  one  end,  which  moves 
up  and  down  in  the  pillar,  through  a  collar  of  leathers.     The 
dye  of  the  pedeilal  is  made  of  glais,  as  well  to  hold  the  quick- 
filver,  a'S  to  expofe  its  furface  to  view,,  that  it  may  be  it^vi  when 
the  open  end  of  the  tube  is  put  down  into  it,  or  railed  out  of 
it.     The  body  of  the  pillar  is  partly  cut  away  to  expole  the. 
tube  to  viev/  in  the  fame  manner. 

If  the  pump  be  ufed  as  a  condenfer,  the  degree  of  condenfa- 
tion  is  fhown  by  a  fcale  marked  on  one  edge  of  the  pillar  :  if  it 
be  ufed  as  an  exhaufter,  the  degree  of  the  rarefadion  of  the  air, 
above  the  valves,  is  fhown  by  a  fcale  marked  on  the  other  edge 
of  the  pillar. 

This  g;ige  v/ill  alfo  ferve  to  fhow  when  the  valves  have  done 
playing,  either  with  the  weight  of  the  atmofphere  on  them;. 

or 
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Of  taken  oiF.  If  we  want  to  know  when  they  ceafe  opening, 
with  the  weight  of  the  atmofphere  on  them,  draw  the  pifton 
of  the  valve-pump  up  into  its  barrel,  to  prevent  any  air  efcap- 
ing  through  that  valve  ;  in  this  iituation,  work  the  great  pump 
again,  and  if  any  air  paffes  through  the  valves  into  the  pipe, 
the  gage  will  rife  by  condenfation.  This  condenfed  air  mufl 
then  be  let  out  by  opening  the  communication,  at  the  cock, 
with  the  outward  air.  By  repeating  this  till  the  gage  rifes  no 
longer,  we  may  know  the  valves  will  open  no  more  while  the 
weight  of  the  atmofphere  lies  on  them  ;  and  the  rarefaction  iii 
the  receiver  can  be  carried  no  further,  Whenthe  weight  of  the 
atmofphere  is  to  be  removed,  after  conducting  as-  in  the  former 
experim-ent,  raife  the  open  end  of  the  tube  above  the  furface  of 
the  mercury,  and  then  work  the  valve-pump,  and  the  air  will 
be  rarefied  over  the  valves,  and  in  the  tube,  to  the  lame  degree  : 
(we  may  fee  when  the  valve  of  this  pump  has  done  playing  by 
unfcrewing  the  cap  that  covers  it.)  The  open  end  of  the  tube  is 
then  to  br  immerfed  into  the  mercury,  and  the  great  pump  work- 
ed. Tbe  air  \\'hich  paiTes  thro'  the  valves  v/ill  then  raiie  tlie  gag^ 
by  condcnfuion  r  and  thus,  by  alternately  raifing  and  depreffing 
the  tube,  and  working  the  two  pumps^n  ilieir-  turns,  wernay  carry 
the  rarefa(ftion  of  the  air  in  the  receiver  as  far  as  the  poWer  of  the 
pump  v,411  go.  If  one  of  Mr.  *S';>/7?(^/£?.'z'j- pear-gages  be  wfed-in  the 
receiver,  as  he  dire<5ts,  the  difference  o^  the  rarefacftion,  in  the 
two  experiments,  may  be  known.  And  as  the  air  above  the  valves 
may  be  rareiied- to  different  degrees,  we  may  know,  by  the  two 
gages,  what  proportion  the  rarefa6tion  above  the  valves  bears  to 
the  degree  of  excefs  in  the  receiver.  This  condenfing  gage  can 
be  taken  off,  and  a  button  fcrewed  into  the  hole  in  its  ffead,  in 
^ny  cafe  wherein  a  greater  degree  of  condenfation  is  required  than 
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the  glafs  will  bear.  When  a  glafs  receiver  is  ufed,  this  gage 
nlay  be  placed  v/ithin  it,  where  it  will  meafure  any  degree  of 
condenfation  the  receiver  wnl  bear,  without  ganger  to  the 
gage  :  or  the  capacity  of  any  receiver  may  be  meafured  by  this 
gage,  before  it  is  removed  from  its  place,  by  fliowing  how 
many  ftrokes  of  the  wiiich  will  throw  one  ^tmofphere  into  the 
receiver  j  then  turning  the  cock,  to  prevent  any  air  efcap- 
ing,  change  the  gage  for  the  button  :  when  this  is  done^ 
the  degree  of  condenfation  may  be  further  meafured  by  the  num- 
ber of  ftrokes,. 

As  in  cafes  where  great  condenfation  is  required,  there  muil 
be  a  great  deal  of  labour,  and  a  great  ftrain  on  the  teeth  of  the 
wheel  and  pifton-rods,  on  account  of  the  great  diameter  of  the 
piftons  ;  ^  to  remedy  this,  I  have  fitted  a  condenfer,  of  a  fmal- 
ier  bore  than  the  barrel  of  the  great  pump,  to  the  ciflern  of 
;the  valve-pump,  to  be  fcrewed  ou  occafionally  ;  by  which  the 
condenfation  may  be  iinifhed,  inftead  of  the  great  pump.  Or,  to 
fave  the  work  and  expence  -of  this  condenfer,  the  valye-pump, 
if  made  a  little  larger,  may  be  eafily  fitted  for  the  fame  purpofe, 
hy  having  a  plate  made  to  fcrew  into  the  bottom  of  the  cylin- 
der, occafionally,  with  a  valve  on  it,  opening  into  the  ciftern  : 
a  hole  muft  alfo  be  made  to  be  opened,  on  the  fame  occafion, 
iiear  the  top  of  the  cylinder,  to  let  air  in  below  the  piilon* 
when  this  is  drawn  up  above  it. 

The  common  gage,  which  is  generally  placed  under  the  re- 
ceiver-plate, in  this  pump,  is  placed  in  the  front  ;  that  it  may 
be  ktn  by  the  perfon  who  is  working  the  pump,  and  that  the 

plate  may  be  left  free  for  other  ufes. 

The 

*  In  my  pump,  the  piftons  are  two  inches  diameter  ;  fo  that  there  v,Hl  be  about 
forty-eight  pounds  added  to  the  refiftance  in  opening  the  valves,  for  every  atTOt'f' 
]3h«re  thrown  into  the  receiyei^. 
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The  plate  is  fo  fixed  to  the  pipe,  leading  to  the  cock,  that 
it  may  be  taken  off  at  pleafure,  and  ufed  as  a  transferer  ;  or  any 
tube,  or  apparatus,  may  be  fixed  to  it,  to  perform  fome  experi- 
ments without  removing  it,  which  will  ikve  trouble,  and  makt 
lefs  apparatus  neceflary. 

The  head  of  this  pump  is  not  divided,  as  the  common  one 
is,  to  diflodge  the  teeth  of  the  wheel  from  the  pifton-rods, 
when  the  pump  is  to  be  taken  apart  ;  but  is  made  whole,  ex- 
cept a  fmall  piece  in  the  back,  where  the  wheel  is  let  in ; 
which  makes  it  much  more  convenient  to  remove  the  head,  or 
place  it  on  the  barrels.  The  wheel  is  freed  from  the  pifton- 
rods,  when  required^  by  pufliing  it  into  the  back  part  of  the 
head ;  and  when  it  is  drawn  into  its  place  and  conned:ed  with 
them  again,  a  button  is  fcrewed  into  the  focket  of  the  axis  be- 
hind, to  keep  it  in  its  place.  This  makes  the  head  lefs  trouble- 
fome  to  remove  :  but  its  chief  ufe  is  to  diilodge  the  pi/lon-rods 
from  the  wheel,  that  they  may  be  put  down  into  the  cifterns, 
when  the  pump  is  not  in  ufe,  where  they  will  fland  uncom- 
prelTed,  and  retain  their  elafticity  better  than  if  kept  in  the 
barrels.  In  thefe  cifberns  they  may  alfo  ftand  covered  with  oil, 
if  necefTary,  as  they  are  large  enough  to  admit  of  it. 

The  principal  joints  of  the.  pump  are  funk  in  fockets,  that 
the  leathers,  which  dole  them,  may  be  covered  with  oil,  to 
prevent  leaking.* 

For  convenience,  the  lower  part  of  the  pump  is  fitted  with 
drawers,  to  contain  the  apparatus.     A  door  opens  behind  one 

range 

*  This,  I  find,  Is  very  eFeiftual  ;  haying  never  known  one  of  the  joints,  fecurecl 
in  this  way,  to^leak,  though  the  pump  hus  (lood  for  a  long  time  :  v/hereas  a  port- 
able pump  which  I  have,  made  by  P.lr.  Nalrne,  London,  has  leaked,  and  repeatedlj 
'\)een  refitted  with  new-oiled  leathers,  in  tlie  fame  tlwe^ 
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range,  to  a  place  referved  the  whole  height,  to  get  at  the  under 
part  of  the  receiver-plate,  and  fix  apparatus  to  it  for  fome  ex- 
periments. In  this  place  ftand  the  long  tubes,  and  fuch  tall 
glaffes,  belonging  to  the  apparatus,  as  will  not  go  .  into  the 
drawers.  The  barrels,  6cc.  of  the  pump  are  covered  with  a 
cafe,  or  hea<i,  which  keeps  them  from  dufland  accident,  when 
the  pump  is  not  in  ufe.  The  apparatus  is  fecured  between  Ai- 
ders, &c.  in  the  drawers,  fo  that  the  whole  machine  may  be 
eafily  r^noved,  in  one  body,  without  danger. 

Having  given  you  this  account  of  the  machine,  I  willi.  Sir, 
I  could  add  to  it,  at  this  time,  the  refult  by  experiment,  and 
inform  you  to  what  degree  it  will  rarefy  the  air  -,  but  the  want 
of  a  proper  apparatus  to  meafure  the  rarefadtion,  prevents  me. 

As  we  have  no  glafs-manufacSlcry  here,  I  fent  to  Europe  for 
my  apparatus,  about  twelve  months  fince  :  but,  unluckily,  this 
part,  with  fome  others,  have  not  yet  been  forwarded  to  me. 
As  foon  as  I  can  fatisfy  myfelf,  I  will  let  you  know  the  refult. 
I  have,  at  prefcnt,  only  a  fmall  tube  of  two- tenths  inch  bore,  I 
accidentally  met  Vv'ith,  which  I  ufe  as  a  common  gage  :  but 
this  will  not  determine  the  power  of  the  pump. 

All  I  can  fay  of  the  inftrument  at  prefent  is,  that  I  find  it 
much  more  convenient  to  ufe  than  one  of  the  common  fort  : 
that  it  will  exhauft  a  receiver  much  fooner,  and  keep  in  order 
much  longer,  for  being  made  without  valves,  which  muft  de- 
pend on  the  fpring  of  the  air  to  open  them.  When  a  common 
pump,  which  I  have,  has  been  fitted  up  with  valves,  leathers, 
^c.  at  the  fame  time  wilh  this  -,  the  valves  of  the  common 
pump  have  become  too  dry  and  ftiff  to  ufe,  while  this  pump 
,lias  continued  in  good  order.  I  attribute  tiiis,  in  part,  to  the 
.tnoiftupe  which  the  valves  on  the  top-plates  receive  from  the 

piftom 
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■piilons  every  time  the  pump  is  ufed  ;  the  piftons  being  always 
ikept  moiftened  with  oil  in  the  cifterns,  where  they  fland  when 
the  pump  is  not  in  ufe ;  and  in  part,  to  the  power  which  the 
piftons  have  over  thefe  valves,  by  condenfmg  the  air  againfl  them. 
In  the  common  pump,  and  in  Mr.  Smeatons,  the  valves,  at  the 
bottom  of  the  barrels,  can  only  be  opened  by  the  fpring  of  the 
air  ading  againft  them  :  but  in  this  pump  the  valves  are  forced 
open,  by  raifing  the  piftons,  and  muft,  therefore,  yield  much 
longer  to  the  power  applied  in  this  way. 

I  mentioned  above,  that  the  piftons  in  this  pump   did  not 
move  the  whole  length  of  the  barrels  j  but  were  interrupted  by 
the  plate,  a  little  more  than  half  way  from  the  bottom,  for  con- 
venience :   but  on  this  conftrudiion,  they  may  be  made  to  move 
through  the  whole  length,  as  in  Mr.  Stneatons  pump  ;  and 
then  it  will  exhauft  a  receiver  in  half  the  time  that  his  will,  if 
the  capacity  of  each  barrel  in  the  two  pumps  be  equal.     And 
perhaps  the  air  may  be  further  rarefied  by  a  pump  on  this  con-; 
ftrudion  without  the  valves,  whofe  barrels  are  of  greater  length 
than  the  barrels  of  my  pump.     For  fmce  the  pifton  may  be 
made  to  fit  as  well  to  the  top  of  one  barrel  as  another,  if  the 
length  of  the  barrel,  through  which  the  pifton  moves,  be  twelve 
inches  infteadof  fix,  the  vacancy,  which  is  unavoidably  left  be- 
tv/een  the  top-plate  and  the  pifton,  when  the  latter  is  drawn  up 
to  the  former,  will  bear  a  lefs  proportion  to  the  capacity  of  the 
whole  barrel.     Suppofe,  then,  the  valve  on  the  top-plate  will 
rife  only  till  the  air  be  expanded  one  hundred  times  in  a  barrel 
of  fix  inches  length,  becaufe  this  is   tlie  proportion  which  the 
vacancy  bears  to  the  capacity  of  the  whole  barrel,  (the  refiftance 
'of  the  valve  not  being  taken  into  the  account)  it  will  rife  till  the 
;-air  is  expanded  two  hundred  times  in  a  barrel  of  twelve  inches 
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length,  the  diameters  being  the  fame  in  both,  becaufe  the  capa- 
city of  the  barrel  being  doubled,  the  vacancy  bears  fo  much  lefs 
proportion  to  it  than  to  one  of  fix  inches.  And  if  the  air  can 
be  rarefied  in  proportion  to  the  difference  betv/een  the  vacancy 
and  the  capacity  of  the  barrel,  by  leffening  this  proportion, 
which,  after  having  made  the  work  to  fit  as  well  as  pofTible,  is 
to  be  done  by  enlarging  the  capacity  of  the  barrel,  the  power  of 
the  pump  muft  be  incrcafed. 

This,  Sir,  is  reafoning  from  theory  :  but  thefe  circumflances,.' 
I  think,  ought  to  be  confidered  in  the  conftrudion  of  an  air-- 
pump  ;  and  experiment  only  mufl  determine  how  far  an  atten- 
tion to  them  may  be  ufeful. 
'  The  rarefadion  which  a  pump  will  produce,  by  experiment, 
may  come  very  far  fhort  of  what  it  ought  to  do  by  the  theory 
of  its  conftrutflion.  If  the  common  pump  will,  in  experiment, 
rarefy  the  air  only  one  hundred  times,  when  in  its  befl  flate,  and 
Mr.  Smeatons,  by  conflrudtion,  in  duplicate  proportion  to  this,, 
it  ought  to  go  to  ten  thoufand  5  every  thing  being  fuppofed  per- 
fed  :  but  in  its  befl  flate,  Mr.  Smeatons  pump  will  only  rarefy 
the  air  about  one  thoufand  times ;  fo  that  the  nine-tentha 
v/hich  it  falls  fliort  of  what  it  ought  to  do  by  theory,  is  to  be 
attributed  either  to  the  imperfe6lion  of  the  machine  alone,  or  tQ 
the  nature  of  the  air,  in  not  permitting  the  rarefadlion  to  go  fur- 
ther than  one  thoufand  times,  or  both  thefe  caufes  together. 
The  way  to  prgve  how  far  this  is  owing  to  the  air  itfelf,  is  by 
making  a  machine,  which,  in  theory,  will  carry  the  rarefaction 
further.  A  pump  confbrucfled  without  the  valves,  as  mine  is, 
ought  to  rarefy  the  air  in  duplicate  proportion  of  what  Mr. 
Smeatons  fhould  do  by  theory,  and  in  quadruplicate  proportion 
of  the  com.mon  pump,  which  would  be  one  hundred  million, 
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■allowing  the  common  one  to  rarefy  the  air  one  hundred  times. 
Nothing  like  this,  however,  is  to  be  expe6l:ed,  (ince  we  fee  Mr. 
Smeatons  pump,  in  experiment,  falls  fo  far  fliort  of  the  theory. 
But  fuppofing  my  pump  to  rarefy  the  air  in  duplicate  propor- 
tion of  what  Mr.  Smeatoji's  does  by  experiment,  this  v/ould 
carry  the  rarefadion  to  one  million  times  :  and  whatever  it  falls 
lliort  of  this,  muft  be  attributed  either  to  the  imperfedion  of 
the  machine,  or  the  nature  of  the  air,  or  both  together  :  or  if 
this  pump  fhould  rarefy  the  air  only  to  the  fame  degree  with 
Mr.  Smeatonsy  fince  by  conftrud:ion  it  ought  to  go  fo  much 
further,  will  it  not  afcertain  to  us,  in  a  dired:  line,  that  the  na- 
ture of  the  air  does  not  admit  of  being  further  rarefied  by  ^ 
pump  'y  and  that  this  is  the  reafon  why  Mr.  Smeatons  pump, 
in  experiment,  fell  fo  far  fhort  of  the  theory  ?  If  this  (hould  be 
the  cafe,  will  it  not  be  a  confirmation  that  the  power  of  mecha- 
nifm  is  not  wanting  to  produce  a  much  greater  rarefadlion  in 
the  receiver,  where  no  body  a6ls  immediately  upon  the  air  to  ex- 
pel it,  and  from  which  place  it  can  only  be  induced  to  come, 
by  making  room  for  its  expanfion  into  fome  other  ?  I  hope,  in 
a  little  time,  to  be  able  to  inform  you  what  the  refult  is  by  ex- 
periment, and  to  what  degree  this  pump  will  exhaufl  the  re- 
ceiver. 

I  am,  &c. 

JOHN   PRINCE. 

R  r  r  2  An 

Note.  Since  this  letter  was  communkated,  I  have  feen,inthe 67th vol.  of  the  Phl- 
lofophical  Tranfaftions,  an  account  of  fome  experiments  made  by  Mr.  Nairne,  with  a 
pump  cenftru^ied  on  Mr,  Smeaton^s  principle  :  from  which  it  appears  that  Mr.  Smea- 
ton  was  deceived  with  rcfpe^S  to  the  rarefaclion  in  his  receiver,  as  indicated  by  the 
pear-gage  ;  and  that  the  greatcft  power  of  the  pump,  when  the  experiment  was  pro- 
perly made,  would  carry  the  rarefa<5tion  in  the  receiver  only  to  fix  hundred,  inftead 
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An    explanation   of    the    PLATES, 

PLATE  IV.    Fig.  I .     A  view  of  the  pump  fhut  up,  when  ^ 
not  in  ufe ;  appearing  through  a  glafs  window,  as  fliewn  by  the 
pricked  lines. . 

Fig.  2.     A  view  of  the  pump  when  opened  and  uncovered; 
for  experiments. 

Fig.  3  A  perpendicular  fedlion  of  one  of  the  barrels,  the 
two  ciilerns,  condenfmg  gage,  &c.  where  A  B  reprefents  the 
barrel :  C  D  the  ciftern  on  which  it  ilands  ;  aaaa  the  leathered 
joint,  funk  into  a  focket,  and  buried  in  oil :  E  F  is  the  pi  don ;  the 
cylindrical  rod  paiTing  through  a  collar  of  leathers,  G  G,  in  the  box 
HI.  K  ihows  the  place  of  the  valve  on  the  top -plate  K  L,  cover- 
ed by  the  crofs-piece  MM,  into  which  the  pipe  O  O  is  foldered  y 
that  conveys  the  air  from  the  valves  to  the  dudt  going  under  the 
valve-pump,  as  may  be  (qqh  in  plate  V.  fig.  i.  o  is  part  of  the 
faid  dud: ;  p  is  the  joint  funk  into  a  focket  in  the  crofs-piece 
P  P,  which  conneds  the  cifterns  and  has  a  dud  through  it  lead- 
ing to  them.  Into  this  dud  open  the  duds  q  and  r,  the  firft  lead- 
ing to  the  gage  in  front  of  the  pump,  the  other  to  the  cock  and 

receiver, 

of  one  thoufand  times.  By  an  account  of  Mr.  Cowa/ZoV,  in  the  73d  vol.  of  the  Phi- 
lofophical  Tranfadions,  I  find  an  improvement  made  in  Mr.  Smeaton's  pump,  by 
Mr.  Haas^  inftrument-maker.  He  has  contrived  to  open  the  valve  at  the  bottom  of 
the  barrel  independent  of  the  fpring  of  the  air  underneath  ;  and  by  this  improve- 
ment he  has  increafed  the  power  of  the  pump  to  one  thoufand  times.  This  experi- 
ment is  a  confirmation  of  what  is  to  be  expefted  from  the  removal  of  the  valve  in 
»iy  pump,  which  is  done  with  greater  fimplicity,  as  Mr.  Haas's  contrivance  is  com- 
plex, confifting  of  a  ring  lying  at  the  bottom  of  the  barrel,  to  which  ring  the  valve 
is  faftened  ;  this  ring  is  raifed  by  a  pedal,  connefted  with  two  wires  moving  through 
two  collars  of  leathers,  and  is  deprefled  by  a  fpiral  fpring  contained  in  a  focket,  the 
whole  being  fixed  under  the  barrel  of  the  pump  :  But  he  has  done  nothing  to  re= 
move  the  refiftance  from  the  valve  in  the  pifton,  nor  the  weight  of  the  atmofphere 
from  off  the  valve  on  the  top -plate. 
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The  other  barrel  is  left  out  of  the  figure,  to  fhow  fome  of  the 
parts  more  diftirKftly  j  except  QJI^  which  is  the  top  of  the 
barrel  retained  and  brought  down  out  of  its  place,  to  fhow  the 
top-plate,  that  fhuts  up  the  barrel,  feparated  from  the  box, 
which  contains  the  collar  of  leathers.  S  fliows  one  of  the  holes 
in  the  plate  over  which  the  valve  lies,  and  which  is  covered  by 
R  in  the  crofs -piece.  V  V  is  the  pifton  fhowing  the  valve 
open  on  the  top,  which  is  to  prevent  labour  when  the  pump 
condenfes.  W  X  is  the  ciflern,  in  which  is  more  diflindtly 
feen  the  flioulder  for  the  leather  which  clofes  the  joint  between 
this  and  the  barrel,  and  alfo  the  focket  in  which  the  oil  lies 
over  the  leather.  Y  Z  is  the  condenfing  gage,  with  the  ori- 
fice of  the  tube  raifed  above  the  furface  of  the  quick-lilver.  e  e 
is  the  collar  of  leathers,  through  which  the  glafs  tube  moves, 
/is  a  fmall  pipe  coming  up  through  the  quick-filver  to  make  a 
communication  between  the  valves  and  the  gage. 

Fig.  4.  is  a  view  of  the  upper  furface  of  the  top-plate  which 
clofes  the  barrel,  being  foldered  into  it,  fhowing  the  place  of 
the  valve  over  the  three  fmall  holes,  one  of  which  only  can  be 
feen  at  S,  in  h.^,  3. 

Plate  V.  fig.  I .  is  a  perpendicular  fedlion  of  the  bottom- 
piece,  pipes,  valve-pump,  cock,  &c.  at  right  angles  with  the 
other  fedlion,  fig.  3,  pi.  IV.  A  B  is  the  pipe  between  the  bar- 
rels, as  reprefented  in  plate  IV.  The  button  0  is  here  fcrcwed 
into  the  top  i-nflead  of  the  gage.  C  D  is  the  valvc-pump  and 
its  ciflern,  e  the  place  of  the  valve  under  the  cap.  E  F  the 
cock,  iho wing  the  dud:  through  it  leading  to  the  atmofphcre, 
G  H  the  pipe  fcading  from  it  to  the  flem  of  the  receiver-plate, 
in  which  is  thfe  cock  I,  to  fhut  up'  the  dud  wh^n  the  plate  is 
ufed  as  a  transferer.     KK   is  the  plate.     L  a  piece  to  ihut  up 
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the  hole  into  which  tubes,  &c.  are  occafionally  fere  wed  to  per- 
form experiments  without  removing  the  plate  :  the  pricked 
line  at  O  fhows  the  place  of  the  fcrew  which  prefles  the  plate 
againft  the  pipe :  P  Q^the  pipe  and  common  gage  ftanding  in 
front  of  the  pump. 

Fig.  2 .  is  a  horizontal  fedion  of  the  cock  and  pieces,  contain- 
ing the  duds  leading  from  it  to  the  receiver,  the  cifterns,  and 
the  valves  on  the  top  of  the  barrels.  A  B  the  dud  connecSting 
the  ciflcrns  together.  C  D  the  du6t  leading  from  the  cifterns 
to  the  cock.  GH  the  dud  leading  from  the  cock,  through 
the  pipe  A  B,  (fig.  i.)  to  the  valves.  D  E  the  dud  through 
the  cock,  which  occafionally  conneds  the  two  lafl-mentioned 
duds  with  the  dud  E  F,  leading  from  the  cock  to  the  receiver. 
I  the  dud  in  the  cock  leading  to  the  atmofphere,  which,  when 
conneded  with  the  dud  at  D,  lets  the  air  into  the  ciflerns  and 
barrels  for  condenfation ;  the  other  dud  through  the  cock  at 
the  fame  time  conneding  H  and  E.  This  dud  alio,  when 
conneded  with  E,  reftores  the  equilibrium  in  the  receiver. 
KL  is  part  of  the  dud  leading  from  the  cifterns  to  the  gage. 
The  pricked  circles  fhow  the  places  of  the  pipe  and  valve- 
pvjmp  on  the  piece,  and  r  the  place  where  the  air  enters  the- 
valve-pump  from  the  dud  G  H,  and  is  thrown  into  the  atmof- 
phere, when  the  pump  exhaufts. 

Fig.  3.  fhows  the  under  furface  of  the  boxes,  which  contain 
the  collars  of  leathers,  with  the  crofs -piece,  which  conneds 
them  together,  having  a  dud  through  it,  as  reprefented  by  the 
pricked  line,  through  which  the  air  pafTes  from  the  valves  to 
the  pipe :  this  fig.  is  defigned  chiefly  to  fhow  the  places  in 
which  the  valves  play,  as  at  I. 

Fig. 
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Fig.  4.  is  a  fide  view  of  the  pump,  fhowing  the  fituation  of 
the  valve-pump  and  handle  of  the  cock ;  where  A  is  the  pump, 
and  B  the  handle. 

Fig.  5.  is  the  top-plate  which  fcrews  the  key  of  the  cock 
into  its  fhell,  and  keeps  it  tight :  the  upper  furface  of  it  is 
marked  with  directions  to  turn  the  key  fo  as  to  produce  the 
cfFedt  defired  :  for  when  the  mark  on  the  key  agrees  with  the 
mark  on  the  plate,  the  pump  exhaufls,  and  fo  of  the  reft. 
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XXVII.  A  Defcription  of  a  Tump-Engincy  or  an  Apparatus 
to  be  added  to  a  common  Fump,  to  anfwer  the  Purpofe  of  a 
Fire-Engine  'y  invented  by  Mr..  Benjamin  Dearborn  : 
ExtraBed  from  his  Letters  to  the  Ron.  James  Bowdoin, 
Efi;  Prefident.:  communicated  by  the  Fref  dent, 

Portfmauth,  November  5,  1781. 
S  I  R, 

I  HAVE  fpent  fome  time  in  inventing  the  pump-engine,  a 
model  of  which  I  have  forwarded  herewith.     This  engine 
is  defcribed  as  follows. 

Plate  VL  Fig.  3.  A  B  C  D  reprefents  a  pump  in  the 
form  of  a  common  Hiip-pump.  E  its  fpout.  F  a  ftopper. 
D  ^  is  a  plank  cap,  fitted  with  leather  under  it  to  the  pump, 
and  fcrewed  down  by  the  fcrcws  a  b  ;  having  a  hole  in  the 
center  for  the  fpear  of  the  pump  to  pafs  through,  round  which 
a  leather  collar  is  made,  as  c.  g  is  a  nut  for  the  fcrew  b.  fb  is 
a  fquare  piece  of  wood,  nailed  acrofs  one  end  of  the  cap,  the 
fcrew  a  paffing  through  it  and  the  cap  ;  through  this  piece  and 
the  cap  a  hole  is  made,  cQmmunicating  with  the  bore  of  the 
pump.  G  G  is  a  wooden  tube  (of  any  required  length  or  num- 
ber of  joints)  made  fquare  at  the  lov^er  end,  and  hollowed  to 
receive  the  cock,  the  upper  end  being  made  with  a  nice  fhoul- 
der.  ^  is  a  wooden  cock,  which  opens  or  fhuts  the  communi- 
cation between  the  pump  and  the  tube,  having  a  handle  on  the 
oppofite  fide,  with  a  lock  if  necelfary.  h  h  2x<t  ferrules  to  pre- 
vent the  tube  from  fplitting.  H  H  are  braces,  each  of  which 
muft  have  another  croffing  it  as  nearly  at  right  angles  as  may 
be.  i  i  are  irons  in  the  form  of  a  ftaple,  going  round  the  tube 
and  through  the  braces,  having  holes  in  their  ends  for  fore* 
4qcks.     K  L  M  N  is  a  head  made  of  five  pieces  of  wood,  viz^ 
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klm  n,  a  fquare  piece,  with  a  hole  in  the  lower  end,  to  recei\'e 
the  end  of  the  tiibe^  and  refts  on  the  {houlder  0  p  ;  on  the  lower 
end  of  this  head  a  leather  is  nailed,  having  a   hole  in  its  ceHtrc 
limilar  to  the  hole   in  the  wood  ;  ajiothcr  leather  of  the  farae 
form  is  put  on  the  top  of  the  tube,  and  a  circle   of  thin  plate- 
brafs  between  them  i  the  two  leathers  and  the  brafs    being 
preffed  between  the  lower  end  of  the  head  arid  the  (lioulder   of 
the  tube  ;  their   edges  are  reprefented  hy  q  p.     K  N  and  L  M 
^re  the  edges  of  two  pieces  of  plank   which  are  as  wide  as  the 
head,  and  nailed  faft  to  it,  each  of  them  having  a  tennon  going 
through  a  mortice  in  the  end  of  the  piece  O  P ;  each  tenon  has 
a  hole  for  a  forelock  at  q  q.     O  P    is  a  piece  of  plank  as  wide 
as  the  fides,  having  a  hole  in  its  centre  through  which  the  tube 
pafTes,  and  a  mortice  on  each  end  for  the  tennons  topafs  through. 
N  M  is  a  cap,     r  r  are  two  pieces  nailed   on  the  fide   of  the 
tube,  with  a  truck  in  the  lovv^cr  end  of  each,  to  leiTen  the  fric- 
tion of  the  head  in  its  horizontal  revolutioUo     q  q  are  forelocks 
to  wedge  the  head  down,  and  prevent  the  water  from  finding  a 
paffage  out  at  the  joint  op.     QJl  is  a  wooden  conductor;  the 
end  Q^eing  folid,  the  end   R  bored  with  a  fmall  auger,  j-  is  a 
:bolt  going  through  the  conductor  and  head,  fecured  on  the  back 
with  a  forelock  or  nut  ;  this  bolt  is  round  near  the  head  and 
fquare  in  the  middle,     t  iiw  x'vs,  2^  piece  of  iron  or  brafs  to  pre- 
vent the  head  of  the  bolt  from  wearing  into  the  wood,     S  S  are 
ropes  to  direct  the  conducftor. 

Fig.  4.  is  the  head  without  the  conducflor  ;  a  I?  c  d  \s  z 
thick  brafs  plate  perforated  to  prevent  dirt  from  cloging  the  con- 
dud:or,  and  nailed  with  leather  under  it  to  the  head.  The 
fquare  hole  in  the  centre  is  made  to  the  fize  of  the  bolt,  and 
prevents  it  from  turning.     The  conductor  has  a  hollow  cut 
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round  the  bolt  on   the  inlide,  as  large  as  the  circle  of  holes  in 
the  brafs,  round  which  hollow  on  the  face  of  the  conduftor,  a 
leather  is  nailed  which  plays  on  the  marginof  the  brafs  plate,, 
when  the  condu(5tor  turns. 

I  have  raifed  a  tube  of  30  feet  on  my  pump,  but  the  feverity, 
of  the  feafon  prevents  my  compleating  it ;  having  fo  far  executed 
it  only,  as  for  one  perfon  to  v/ork  at  the  brake  3  I  can  myfelf 
throw  water  on  the  top  of  a  neighbouring  building,  the  nearefl 
part  of  which  is  37  feet  from  the  pump,  and  between  30  and 
40  feet  high. 
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XXVIII.     A  Dcfcript'iGfi  of  a  F ire-Engine  of  a  new  Confii-uc-- 
tion,  by  tJoe  fatne,     Extraciedfrom  a  Lettc?-  to    the  fame. 

Portfmouth ,  Jamiary  28,   1782. 
SIR, 

HA  V I N  G  conftruded  a  model  of  a  portable  fire-engine, 
on  the  fame  principles  as  the  pump-engine,  I  do  myfelf 
the  honour  to  forward  you  a  defcription  of  it. 

Plate  VI.  Fig.  i.     AB  and  CD  are  the  edges  of  two  planks, 
confined  together  by  four  bolts ,     abed  2x0.  two  cylindrical  bar* 
rels  :  in  each  of  thefe  barrels  a  pifton  with  a  valve  is  failened  to 
the  fpear  e,  and  is  moved  up  and  down  alternately  by  the  mo- 
tion of  the  arms  E  E.    Under  each  barrel  a  hole  is  made  through 
the  plank  A  B,  and  covered  with  a  valv?.     E  E  are  arms  hung 
on  the  common  centre  jC     Arms  parallel  to  thefe  are  on  the  op- 
pofite  fide,     g  is  the  end  of  a  handle  which   is   faficned  acrofs 
the  ends  of  the  arms.     A  bolt  at  h  goes  acrofs  from  arm  to  arm  ; 
to  this  bolt  the  piece   /  >^  is  faftened,    and  plays  upon  it ;  the 
lower  end  of  this  piece  is  fafiened  to  the  top  of  the  fpear   e, 
G  If  h  a  ftandard  to  fupport  the  arms  ;  another  anfwering  to 
it  on  the  oppofite  fide,  both  being  notched  into  the  edges  of  the 
•planks,  are  fufticiently  fecured  by  one  bolt  going  through  them 
at  /,  and  having  a  nut  or  forelock  on  the  oppofite  fide.   HI  HI 
are  fquare  bracks,  which  anfiver  the  purpofe  of  duifts,  through 
%vhich  the  water  afcends  from  the  barrels  through  the  plank  at 
m.     K  L  K  L  are  irons   in  the  form  of  a  fiaple  to  confine  the 
'braces ;  the  lower  ends   of  thefe  irons   meet,  and  are  fecured 
with  one  bolt  going  through  them  and  M  N  ;?  «?,   which  is  a 
rpiece  going  up  through  a  mortice  in  the  centre  of  the  planks  ; 
this  piece  is  fquare  from  the  lower  end  upward  as  high  as  the 
top  of  the  braces  ;  from  thence  to  the  top  it  is  cylindrical ;  the 
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tipper  end  being  bored  hollow,  far  enough  down  to  communis 
cate  with  the  braces.  O  P  is  an  iron  ring  going  round  the  tube, 
having  tvv^o  ihanks  going  up  through  the  head,  with  fcrevv^s  on 
the  top  ^t  p  q.  r  J-  is  a  ferrule  nailed  round  the  tube.  The 
head  and  pipe  are  fo  nearly  iimilar  to  thofe  of  the  pump-engine 
that  they  need  no  further  defcription. 

Fig.  2.  is  the  fame  engine;  the  arms  and  ftandnrds  being, 
taken  off  to  give  a  more  intelligible  defcription  of  the  mode  of 
fecuring  the  braces,  which  is  effectually  done  by  one  wedge, 
driven  into  the  mortice  a^  under  the  upper  plank,  b  is  a  holq, 
for  the  bolt  to  pafs  through  which  fecures  the  ffandards.  In 
this  figure  a  fide  view  of  the  head  is  given,  with  the  pipe  in.  a. 
perpendicular  direcftion. 

The  work  is  confined  within  a  box  fet  on  wheels  as  com-, 
mon.  The  whole  is  made  of  wood  except  the  fpears  of  the, 
pumps  and  a  few  bolts,  &c.  This  model  throws  water  about 
the  fame  difiance  as  the  miniature  pump-engine,  the  pumps  be^ 
ing  of  the  fame  bore.  Engines  on  this  conftrudion  may  be 
made  in  any  place  where  a  common  pump  can  ;  and  the  infidq 
work  will  not  be  more  than  one  quarter  the  coll  of  thofe  on  th^ 
ufu^  conftrudtion ;  and  the  labour  of  working  them  will  (as- 
I  conceive)  be  much  lefs  than  in  the  others  -,  thefe  confiderar- 
tions  may  perhaps  recommend  them  to  fome  attention. 
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XXIX.     Obfervations  upon  the  Art  of  making  Steel.     By  the 
Reverend  Daniel  Little,  F.  A.  A. 

AS  fleel  is  an  article  of  commerce,  and  of  great  ufe  both  in 
the  arts,  manufadures  and  hufbandry  of  every  nation.; 
and  as  wc  have  the  befl  of  iron  already  manufactured  in  America, 
it  is  thought  that  the  manufa(fturing  of  fteel.of  a  good  quality, 
deferves  the  attention  and  encouragement  of  thofe  who  wifh  the 
welfare  of  the  United  States.  What  time  I  could  redeem  from 
othernecellary  buiinefs  for  feveral  years  paft,  has  been  employed 
in  fuch  difquifitions  and  experiments,  as  might  tend  to  facilitate 
the  art  of  making  fheel,  and  others  near  akin  to  it. 

Thofe  writers  upon  thefubjed:  which  I  have  met  with  tell  us, 
that  the  principal  difference  between  iron  and  fleel  confifls  in 
this.  That  the  latter  is.  combined  with  a  greater  quantity  of 
phlogifbon  than  the  former.  Phlogifton  exifts  in  all  inflamma- 
ble fjbflances,  and  in  fome  that  are  not  inflammable.  Char- 
coal, and  the  coals  of  bones,  horns  and  hoofs  of  animals,  have 
been  ufed  as  fit.  fubftances  for  communicating  phlogifton  to 
iron  in  making  fleeL  . 

Steel  is  fometimes  made  by  fuficn  of  ore  or  pig-iron.  The 
method  is  fimilar-  to  that  of  reducing  pig-iron  to  malleable  iron, 
with  this  difference,  that  as  ftecl  requires  more  phlogiflon  than 
is  neceffary  to  iron,  all  the  means  mufl  be  made  ufe  of  that  are 
capable  of  introducing  into  the  iron  a  great  deal  of  phlogiflon  ; 
that  is,  by  keeping  it,  while  in  .fufion,  encompaffed  with  an 
abundance  of  charcoal,  &c, 

.  The  other  method  of  making  fleel  is  by  cementation,  as  it  is 
called  5  that  is,  to  convert  bar-iron  into  fleel ;  which  is  done 
by  a  cement  made  of  thofe  fubflances  which  contain  thegreatefl 
quantity  of  phlogiflon.     Put  the  bar- iron  with  this  cement  in- 
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to  a  vefTe;!  that  will  bear  a  flrong  fire  ;  lute  on  a  clofe  cover,  lo 
as  to  prevent  the  cement  taking  flame  and  confuming  ;  put  the 
vellel  in  a  furnace  where  the  bars  may  be  kept  red-hot  till  thev 
are  converted  into  fteel,  which  w^ili  be  in  a  longer  or  /horter 
time,  according  to  the  bignefs  of  tlie  bars,  and  the  quantity  of 
cement. 

This  latter  method  has  chiefly  engaged  my  attention,  which 
method  is  pretty  well  known  in  fome  parts  of  America,  and,  for 
many  years  pafl,  fleel  has  been  made  by  it  in  feveral  of  the 
United  States.  Yet,  fo  far  as  I  have  been  informed,  it  has  ge- 
nerally been  of  an  inferior  quality,  and  very  little  ufed  for  edge 
tools,  which  I  fuppofed  could  not  arife  from  the  quality  of  the 
iron,  for  we  have  the  greatefl  variety,  and  thebefl  fort,  in  many 
parts  of  the  country.  I  then  conjedured  there  might  be  found 
fome  other  inflammable  fubftance  for  a  cement,  which,  if  pro- 
perly applied,  ^vould  impregnate  the  iron  v/ith  phlogiflon  more 
advantageoufly.  And,  after  many  experiments,  I  found  a  parti- 
cular marine  plant  that  requires  no  other  preparation  but  drying 
and  pulverizing,  and  is  commonly  known  by  the  name  of  rock- 
weed,  or  rock- ware,  and  is  in  the  greatefl  plenty  on  our  rocky 
ihores,  coves,  creeks  and  harbours  of  the  fea.  In  making  fome 
experiments  upon  this  plant  for  a  flux  powder,  a  fmall  bit  of 
iron  was  put  into  a  crucible,  and  filled  with  the  faid  cement ; 
and,  very  unexpededly,  after  it  had  been  in  a  little  more  than  a 
cherry  heat  for  five  or  fix  hours,  it  was  converted  into  Heel, 
which  gave  me  the  firft  hint  of  its  ufe  in  making  fleel ;  fince 
which  I  have  had  repeated  experience  of  its  excellency  for  the 
fame  purpofe. 

It  needs  no  other  preparation  than  to  be  cut  off  from  the  rocks 
with  a  fey  the  or  fickle,  fpread  on  the  dry  land  'till  the  rains  have 
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waflied  off  the  greater  part  of  the  fea-falt,  then  dried  and  pulve- 
rized, then  ufed  as  other  cements  are  in  making  fteel :  or,  inftcad 
of  wafhing  off  the  fea-falt,  it  is  better  for  feme  particular  kinds 
of  iron,  to  neutralize  it  by  adding  a  fixed  alkali. 

To  two  parts  of  the  plant  well  dried  and  pulverized,  add  one 
part  of  good  wood-afhes  j  mix  together  and  moiften  the  whole 
with  water  or  rather  urine  to  the  confidence  of  a  very  thick 
pafle. 

It  is  well  known  that  in  every  new  art,  and  in  perfeding  old 
ones,  many  unforefeen  difficulties  arife,  and  fometimes  confi- 
derable  fortunes  have  been  fpent  before  the  manufadiurer  or  the 
public  have  been  much  benefited.  And  fince  honeft,  but  too 
credulous  minds  are  often  deceived  by  uncertain  proof,  and  being 
willing  to  fatisfy  myfelf  and  others,  by  a  better  teftimony  than 
my  own,  I  engaged  a^  gentleman  of  ability  in  the  fteel  way  for 
many  years,  whofe  furnace  was  complete  and  large,  to  make  ex- 
periments upon  my  new  difcovered  fubftance  for  a  cement,  who 
has  written  me,  that  **  this  fleel  is  preferable  to  any  he  had  ever 
made  before."  After  all,  I  fuppofe  different  modes  of  prepara- 
tion and  further  experiments  will  more  fully  afcertain  its  utility. 

The  matter  of  the  furnace  mufl:  be  of  fuch  fubllances  as  will 
endure  a  ftrong  fire  without  fufion.  Afbeftos  has  been  ufed  to 
advantage,  but  a  fufficiency  of  it  is  not  found  in  many  places. 
Pipe-clay  with  one  third  part  of  pond-find,  or,  which  is  better, 
white  flones  free  from  grit,  well  burnt,  and  pulverized,  inftead 
of  fand,  fome  fpecies  of  flate  and  tale  may  be  ufed  with  pipe- 
clay for  furnaces  and  crucibles. 

The  cheft  or  interior  part  of  the  furnace,  for  depofitirig  the 
cernent  and  bars  of  iron,  muff  be  covered  fo  clofe  that  the  in- 
flammable fubftance  within  may  not  be  confumed,  but  changed 
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like  wood  in  a  coal-kiln.     The  iron  to  be  chofen  of  the  beft 
quality  ;  its  toughnefs  and  malleability  are  marks  of  choice. 

Of  the  ore  of  iron. — This  is  often  difcovered  by  the  magnet, 
but  a  great  part  of  the  beft  ore  is  that  which  the  magnet  will  not 
attradt,  as  Linnceus  and  Macquer  ]\\{^y  oh(tvvQ,  When  in  that 
ftate  it  often  refembles  the  ruft  or  calx  of  iron.  Many  tuns  of 
which  are  brought  to  the  iron- works  in  this  neighbourhood, 
from  which  the  befl  of  iron  is  made.  In  its  natural  ftate  the 
beft  magnetic  bar  will  not  attrad:  the  fmallefl  particle ;  but  when 
roafted  with  charcoal  it  hecom.es  magnetic.  This  method  of 
knowing  whether  any  earth  or  flones  contain  the  true  ore  of 
iron,  may  be  of  ufe  to  difcover  new  bodies  or  beds  of  ore.  The 
redu6tion  of  metals,  or  reftoring  them  to  their  metalic  ftate  from 
their  calces,  by  combining  them  v/ith  the  inflam^mable  princi- 
ple in  the  application  of  charcoal,  may  fufficiently  fhow  the  ef- 
ficacy of  the  above  method  for  the  difcovery  of  the  earth  of  iron 
in  thofe  fubftances  on  which  the  magnet  has  no  effed. 
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MEDICAL      PAPERS. 
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I.  An  Account  of  the  Horn^DiJlemper  in  Cattle ^  with  Obfer^ 
•liations  07i  that  Difeafe.  By  the  Hon.  Cotton  Tufts, 
M.  D.  F.A.  A.  and  M.  S.  In  a  letter  to  the  Rev.  Joseph 
WiLLARD,  Cor.  Sec.  A.  A, 

EASTS  of  the  foreft,  guided  by  the  dictates  of  nature, 
and  uncontrouled  by  man  in  their  food,  air,  exercife  and 
reft,  are  feldom  affedted  with  any  difeafe,  whilft  in  almoft  all 
countries,  the  domeftic  kind,  that  are  more  immediately  under 
the  government  of  man,  are  fubjedl  to  a  variety. 

Scarcely  an  inftance  in  this  country  of  reignin^  licknefs 
among  tame  or  wild  beafts,  has  been  noted  by  its  hiftorians  ; 
and  it  is  within  thirty  years  that  we  have  heard  much  of  epi- 
demic difeafes  among  either. 

About  tvvcnty-fivc  years  paft  an  epidemic  diftemper  prevailed 
among  dogs,  and  occafioned  a  great  mortality.  In  1768  horfes 
were  generally  afteded  with  a  diforder  of  the  head  and  throat, 
which  proved  fatal  to  many,  and  much  injured  the  ferviceable- 
nefs  of  thofe  that  furvived.  About  the  year  177O)  there 
were  fome  inftances  of  the  rabies  canina ;  happily  but  few  does 
were  afFed:ed,  and  but  few  perfons  w«re  bit  ;  their  rage  princi- 
pally fell  upon  fvvine.  In  1771,  a  mortal  diftcmper  prevailed 
among  foxes,  and  greatly  reduced  cheir  numbers  :  about  this 
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time,  or  not  long  after,  a  diiicmper  appeared  among  neat  "cattleji 
which  deflroyed  many,  and  has  continued  to  this  day.  The 
diftempers  that  befel  thefe  feveral  kinds  of  animals,  were  faid 
not  to  have  been  kno\yn  in  the  country  before,  more  efpecially 
that,  which  has  affe(5led  neat  cattle,  and  which  has  generally  been 
confidered  as  a  new  difeafe.:  Some^  however,  have  fuppofed' it 
to  be  the  fame,  which  from  time  to  time  has  made  ravages  in 
Europe y  and  more  efpecially  in  England,  Whether  it  was  ever 
known  there  is  -  uncertain .  It  evidently  differs  from  thofe  which 
EngliJJ)  writers  have  mentioned  as  proving  fatal  .to  their  cattle. 
The  compilers  of  the  complete  body  of  husbandry,  republifhed 
in  1768,  make  no  mention  of  this  diforder,  though  they  have 
treated  largely  of  the  disorders  of  horn-rcattle  ;  thofe  that  Have 
been  more  efpecially  prevalent,  and  have  proved  mortal,  they 
have  defcribed  under  the  names  of  gargil,  garget  2Lnd  murrain^ 
aod  as  attended  with  external  fwellings,  inflammations,  eruptions, 
and  contagion,  and  add,  that  **  the  murrain  '\^  ^o,  diftemper 
now,  and  of  many  late  years,  fa  fatal  among  the  horn-cattle." 
In  1757,  Daniel  Feter  Layard,  M.  D.  F.  R.  S.  publiihed  a 
particular  account  of  the  nature,  caufes  and  cure  of  the  diflem- 
per  then  among  the  horn-cattle  in  England,  He  confiders'it 
as  att eruptive  difeafe,  in  the  feveral  flages,  progi^efs  and  eifedis  of 
it,  exad:ly  the  fame  with  the  fmall-pox,  and  earneftly  recom- 
me4ids  inoculation.  None  of  the  external  fwellings,  eruptions 
or  contagion,  charai^eriflic  of  thefe  diforders,  and  to  which 
fwlne  and  fhecp,  as  Well  as  neat  cattle  of  all  ages  and  kinds,  are 
incident,  are  peculiar  to  this  diforder.  It  is  commonly  called 
the  hoEn-diilcmper  :  Cows  are  more  efpecially  fubjed:  to  it ; 
oxen  but  feldom,— bulls  are  faid  to  be  exempt  from  it,  ialib 
ileers,  and  heifers  uii:def  three,  years  of  (age. ^    Itis^addfeafethat 
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afFeds  the  internal  fubilance  of  the  horn,  Gommonly  called  the 
pith,  infenfibly  waftes  it,  and-leaves  the  horn  hollow.  The  pltli 
is  a  fpongy  bone,  whofe  cells  are  filled  with  an  undluous  iiiatter  ; 
it  is  furnifhed  with  a  great  number  of  fniall  blood,.  veiTels,  ii 
overfpread  with  a  thin  membrane,  and  appears  to  be  united  by 
future  to  the  bones  of  the  head,  and  is  pixijedied  to  a  point . 
In  a  healthy  beaft  it  fills  up  the  cavity  of  the  horn,  the  horn 
itfelf  being  a  flieath  or  cafe  giving  firmnefs,  and  the  wliole  ferv-- 
ing  as  a  weapon  of  defence. 

This  fpongy  bone,  in  the  horn  diftemper,  is  fometinies  partly 
and  fometimes  entirely  wafted.  The  horn  loofes  its  natural 
heat,  and  a  degree  of  coldnefs  is  evident  upon  handling  it ; 
when  it  is  only  in  one  horn,  (which  is  often  the  cafe)  a  mani- 
feft  difference  between  the  one  and  the  other  will  be  perceived, 
and  in  all  cafes  a  want  of  natural  heat  will  be  apparent ;  wher- 
ever this  is  found,  there  is  no  room  to  doubt  of  the  diforder's 
being  prefent ;  yet  it  is  feldom  fufped:ed  withotit  a  particular 
acquaintance  with  other  fymptoms  that  commonly  attend  this 
-diftemper,  and  for  want  of  knowing  thefe,  the  farmer  has  often 
Jpft  his  cattle,  not  even  fufpe(5ting  the  evil. 

Thcfe  fymptom-s  are  a  dulnefs  in  the  countenance  of  thebeaft, 
a  fliiggiilinefs  in  moving,  a  heavinefs  of  the  eyes,  a  failure  of  ap- 
. petite,  an  inclination  to  lay  down,  an  averfion  to  rife,  and,  when 
accompanied  with  an  inflammation  of  the  brain,  a  giddinefs  and 
frequent  toffing  of  the  head  ;  befides  thefe  the  limbs  are  fome- 
times afFe(3:ed  withftiffnefs  like  a  rheumatifm,  and  in  cows  the 
milk  often  fails,  the  udder  is  hard,  and  in  almoft  all  cafes  there  is 
a  fudden  wafting  of  the  flefh. 

As  foon  as  the  diforder  is  difcovered,  an  opening  into  the  dif- 
teafed  horn   fliould  be  immediately  made,  which  may  be  done 
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with  a  twenty-penny- nail  gimblet,  in  a  part  of  the  horn  whicli. 
might  be  fuppofed  to  be  moft  favourable  for  a  difcharge ;  it  is 
moft  prudent  to  bore,  at  firft,  two  or  three  iaches  above  the 
head;  if  it  is  found  hollow,  and  the  gimblet  paffes  through  to 
the  oppofite  fide  without  refiflance,  and  no  blood  difcharges 
from  the  aperture,  it  may  be  bell:  to  bore  ftili' lower,  and  as  near 
the  head  as  it  fhall  be  j udged  that  the  hollo wnefs  extends .  This 
opening  is  a  neceffary  meafure,  and  often  gives  immediate  re- 
lief. Care  muft  be  taken  to  keep  it  clear,  as  it  is  apt  to  be  clog- 
ged by  a  thin  fluid  that  gradually  ouzes  out  and  fills  up  the  paf- 
fage.  Some  have  pra6lifed  fiv/ing  off  the  horn,  but  from  tile 
befl  obfcrvations  it  does  not  fucceed  better  than  boring. 

In. autumn,  1774,  on  a  farm  not  fai?  from  my  houfe,  I  had 
four  cows  feized  with  this  diftemper  in  the  fpace  of  a  fortnight^ 
the  fir  ft,  an  old  cow,  was  affefted  with  ftiffnefs  in  her  hind 
parts,  her  milk  failed,  her  udder  was  hard  and  fwelled,  her  eyes 
heavy,  and  her  flefti  fuddenly  wafted.  My  tenant  requefted  me 
to  view  her,  upon  an  apprehenfion  that  flie  had  met  with  fome 
hurt.  At  this  time  the  diforder  was  not  much  known  among 
us  ;  fortunately  a  perfon  fell  in  my  way  who  had  feen  a  fimilar 
inftance,  and  upon  relating  the  cafe,  he  fuggefted  that  it  was  the 
horn  diftemper,  and  upon  examining  her  horns,  one  of  them 
was  found  to  be  cold,  and  was  immediately  bored  with  a  gim^ 
blet,  which  paiTed  through  to  the  oppofite  fide  without  refift- 
ance,  and  no  difcharge  followed  -,  finding  the  horn  hollow,  I  was 
led  to  think  that  the  bones  below  were  carious,  and  immedi- 
ately made  a  mixture  of  rum  and  honey,  with  the  addition  of 
fome  tindure  of  myrrh  and  aloes,  and  fyringed  the  horn  ;  the 
injeded  liquor  was  foon  difcharged  at  her  nofc,  tinged  with 
bloody  this  was  repeated  feveral  times,  daily,   and  the  inje^ed 
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liquor  continued  to  run  off  through  the  nofe  for  two  or  three 
days;  at  length  it  ceafed  to  pafs  that  way. — EmolHent  fomenta- 
tions were  applied  to  her  bag — thefe  were  the  only  applications. — 
The  cow  in  a  few  days  |hewcd  figns  of  recovery,  but  did  not 
regain  her  flefh  for  feveral  months.  A  fccond  and  third  cow- 
were  taken  ill  j  the  diforder  being  early  difcovered,  their  horns 
boredand  fyrringed  feveral  times,  they  foon  recovered.  A  fourth: 
cow,  about  four  years  old,  was  obferved,  in  the  morning,  to- 
have  the  diforder,  her  horns  were  bored  and  fyringed,  her  tail*, 
cut  for  thepurpofe  of  bleeding,  and  from  fufpicion  of  defe6l  in 
it ;  by  nine  o'clock  flie  wa£  fcarce  able  to  ftand,  at  noon  Ihe  was 
unable  to  rife,  her  head  was  very  hot,  her  eyes  dull,  and  /lie 
groaned  as  if  in  great  pain  ;  towards  night  fhe  appeared  as  if  near 
expiring,  her  eyes  were  unmoved  at  being  touched,  and  the 
Itiftre  of  them  entirely  gone,  fome  degree  of  coldnefs,  anda  uniw 
verfal  convulfion  attended  her ;  under  thefe  circumftances,  I  di-^- 
retfled  my  tenant  to  take  one  ounce  of  powdered  muftard-feed, 
to  fnnmerit'in  a  quart  of  milk,  and  add  thereto  one  gill  of  mo-f 
laiTes,  the  whole  to  be  given  immediately^  afterwards  to  covep 
her  over  thick  with  ftraw, — this  was  foon  done.  In  this  flats 
fhe  was  left  in  the  evening ;  before  morning  fhe  had  efcaped 
from  her  flraw,  and  was  feeding  in  the  field.  She  recovered 
withoat  any  farther  application.  ■ 

In  the    fpring  of  1779,  another  cow,  x)f  four-years  old,"  was 
feized';  fhe  was  obferved  in  the-morning  to  refufe  her  food,  her 
eyes  were  heavy,  f^ic  hung  dov^n  her  head  and  manifefled  an  un- 
healthy-countenance j   the  diforder  was  fufpe(5ted,Jier  horns  ex- 
amined I 

*  Neat  cattle  are  fabje<fl  to  a  diforder  commonly  called  the  tail  ficknefs,  wlilch 
is  a  wafting  of  the  bony  futvftance  of  the  tail,  and  if  not  cut.  off  or  dilated  as  far  a^ 
the  defeft  reaches,  often  proves  fatal.  It  frequently  accompanies  the  horn  dif» 
t.emper» 
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amiriedj  one  of  them  felt  cold^  was  Ipored,  fbimd  hojlow,  aiKi' 
fyringed  ;  through  the  day  (he  wasgkldy,  t.offiDglijev  headhacJif^j 
ward  and  forward,  frequently  groaned  as  if  in  great  pain,  and 
upon  rubbing  her  forehead  fliewed  figns  of  ^afe,  her  ftfength  was 
not  much  dimlniflied,  her  natural  evacuations  by  ftool  and  urine 
were  free  ;  however,  Oie  died  the  next  morning:;  and,  according 
to  the  information  of  my  tenant,  upon  opening  the  body,  the 
infcera  were  all  found,  no  mark  of  diforder  was  feen  there  ;  but 
upon  opening  her  head,  the  brains  appeared  of  an  unnatural  co- 
lour, and,  by  his  account,  tending  to  a  mortification. 

•  From  the  number  of  cows  feized  with  this  diftemper  in  the 
=fpace  of  a  fortnight,  as  before  mentioned,  a  fufpicion  arofe  that 
the  difliemper  was  infectious  ,^  time,  however,  has  fhewn  that  it 
is  not  fo,  at  leafl  in  any  great  degree,  for  it  frequently  happens, 
that  among  many  cattle  herding  together,  one  of  them  fhallhave 
the  diftemper  and  the  other  remain  in  perfed;  health. 

It  appears  from  the  firft  recited  cafe,  that  the  injecfled  liquor 
'had  a  free  paillige  from  the  horn  to  the  nofe;  yet,  previous  to 
the  boring  of  the  horn,  there  was  no  vifible  difcharge  at  the 
nofe  of  the  wafted  fubftance,  or  of  any  other  matter,  nor  has 
there  been  in  any  other  inftance  that  I  have  heard  of.  As  there 
appears  no  external  difcharge  of  the  wafted  bone,  it  muft  pro- 
bably lodge  in  the  cavities  of  the  head,  and,  in  procefs  of  time, 
affed:  the  brain  ;  or  the  matter  may  be  fubtilized  to  a  great  de- 
gree, and  be  drawn  into  the  circulations.  It  feems  furprifmg 
that  fo  large  a  portion  of  bone  as  that  which  fills  up  the  horn 
{hould  be  deftroyed,  and  the  beaft  manifeft  no  more  complaints 
:than  are  commonly  obferved  ;  for  the  whole  fubftance  is  gene- 
tally  loft,  before  the  complaints  rife  fo  high  as  to  excite  the  no- 
?tice  of  the  farmer.     To   account  for  this,  may  it  not  be  fup- 
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pofed,  that  the  mortification  or  diiTolution  of  the  pith  is  attend- 
ed with  a  degree  of  infenfibility,  and  that  the  diftrefs  difcovered 
does  not  exift  in  any  great  degree  until  the  brain  is  in  feme  mea- 
fure  affedted,  or  the  matter  is  abforbed,  and  injures  the  habit  in 
general  ? 

Air-bubbles  are  continually  forming  at  the  orifice,  through 
which  the  thin  fluid  ouzes  after  the  horn  is  bored.  This  indi- 
cates an  internal  fermentation,  and  it  is  not  improbable  that  pu- 
trid matter  of  fome  kind  or  other  may  have  given  rife  to  it.  • 
The  matter  may  at  firft  be  form.ed  on  the  periofceum,  and  en- 
tering into  the  interftices  of  the  bone,  may  diffolve  the  oily  fub- 
ilance,  and  forma  fluid  fo  putrid  and  corrofive  as  to  diffolve 
even  the  bone  itfelf ;  upon  this  fuppofition,  the  air  within  be- 
coming putrid  and  confined  by  the  heat  of  the  parts,  will  be 
largely  expanded,  from  whence  a  great  degree  of  compreffion 
upon  the  furrounding  parts  muft  enfue  ;  its  eflx;d:s  at  firfl:  may 
be  fmall,  after  a  while  greater  3  at  firft  producing  no  great  dif- 
trefs, after  a  while  fome  pain,  but  not  fuiiicient  to  produce  fuch 
uneafy  feniations  as  to  be  noticed  3  but  when  the  bone  is  entirely 
waited  and  the  putrid  air  much  increafed,  and  the  compreflion 
become  g-reat,  the  tender  velTels  of  the  head  mu ft  feel  the  force 
of  it ;  -  the  humors  alfo  may  be  highly  acrimonious,  and  pro- 
duce a  general  irritation.  jBut  from  that  fenfible  relief  that  an 
opening  into  the  horn  gives  the  beaft,  it  is  more  than  probable 
that  the  diftrefs  difcovered  arifes  from  comprcffion,  rather  than 
from  an  effed:  produced  on  the  blood  and  juices  ;  for,  in  fome 
inftances,  the  beaft  is  almoft  inftantly  relieved  by  making  an 
ooening;  mto  the  horn.  . 

The  pafling  of  liquors  from  the  horn  to  the   nofe,  as  in  the 
cafe  firft  mentioned,  may  perhaps  be  confidered  as  an  objedion 

againfl 
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againft  the  compreflion  fuppofed ;  but  it  is  to  be  noted,  that 
though  there  was  a  communication  between  the  horn  and  the 
nofe  in  this  cafe,  yet  it  does  not  appear  that  there  was  any  m 
divers  other  inftances,  and  in  this  alio  after  feveral  days. 

From  late  obfervations  I  am  led  to  conclude,  that  injedlion-s 
are  in  general  unneeeflary  ;  that  when  the  diftemper  is  early  dif- 
covered,  no  more  is  required  than  a  proper  opening  into  the  horn, 
keeping  it  fufficiently  clear  for  the  admiffion  of  fredi  air,  the  re- 
moval of  the  compreffion,  and  the  difcharge  of  floating  matter. 
But  when  the  diftemper  has  communicated  its  effects  to  the 
brain,  fo  as  to  produce  a  high  degree  of  inflammation,  it  is  much 
to  be  doubted  whether  any  method  will  fucceed. 
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n.     Cafe  of  a  remarkably  large  'Tumour,  found  in  the  Cavif^ 
of  the  Abdomen,     By  Joshua  Fisher,  F.A.A,  and  M.S. 

TH  E  fubjeft  of  the  following  memoir,  was  a  woman  of 
flrong  habit,  rather  fpare  than  grofs,  and  of  an  aftive  dif- 
pofition.  She  lived  in  a  married  ftate  from  early  life,  but  ne- 
ver had  a  child  ;  was  not  peculiarly  fubjed:  to  any  diforder,  ex- 
cept fome  florid  cutaneous  eruptions,  till  at  about  the  ufual  time 
of  life  the  catamenia  ceafed.  Soon  after  that  period  (lie  became 
fenfible  of  an  unufual  fullnefs  in  the  abdomen,  which  continu- 
ed almoft  imperceptibly  increafing,  without  any  difagreeable 
.{ymptoms,  till  (he  was  near  fixty  years  old,  about  two  years 
before  her  death.  She  then  complained  of  a  pain  in  the  left 
hypochondriac  region,  which  became  fenfibly  tumefied  i  the 
pain  and  diftenfion  from  thence  increafed,  and  fpread  over  the 
whole  abdomen. 

I  firil  faw  her  between  four  and  five  months  before  her 
death  ;  I  found  the  abdomen  very  large  and  tenfe,  efpecially  on 
the  left  fide,  which  was  the  moil  painful  :  the  vefifels  in  her 
^ead  and  arms,  were  full  and  turgid,  while  an  inanition  had 
taken  place  in  the  lower  extremities,  with  a  variety  of  fymp- 
toms  arifing  from  an  unequal  diiilribution  of  the  circulating 
fluids  and  nervous  influence.  But  the  immediate  caufe  of  her 
principal  complaints  was  an  inflammation,  which  appeared  to 
be  feated  forward  of  the  re  Bum  ;  although  icarcely  any  part  of 
the  abdomen  was  exempt  from  attacks  of  the  mofl:  excruciating 
pain  at  intervals,  yet  the  lower  and  pofterior  parts  were  principally 
afledied ;  and  while  a  fuppuration  was  forming  (which  had  pro- 
bably taken  place  feveral  times  before  I  faw  her)  the  pain  dart- 
«ed  a  little  backward  and  downward,  and  terminated   in  the 
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reBum,  by  which  a  quantity  of  bloody  pus  was,  at  length,  dii^- 
charged.  Her  bowels  were  generally  conftipated,  and  when 
the  fymptoms  were  the  moil:  fevere,  the  difcharge  of  urine  was 
fQiall,  and  attended  with  pain. 

The  principal  medicines  that  I  made  ufe  of,  were  haiij}.  falin.. 
01.    Rkin.  with  anodynes  p.  r.  n.    In  the  fpace  of  a  few  weeks,, 
the  fymptoms  of  inflammation  difappearcd,  the  fecretions  and 
excretions  became  free^  and  by  the  ufe  of  the  bark  and  gentle 
exercife,   fhe  recovered  a  conliderable  degree  of  ilrength,  the 
fymptoms  arifing  merely  from  diftenfion  and  compreffion  be- 
ing very  tolerable.     This  truce  lafted  about  two  months  :  a  • 
fudden  fuppreffion  of  perfpiration  was  followed  by  a  return  of 
her  complaints  with  redoubled  violence,  and  fome  paralytic 
fymptoms.     On  the  twelfth  day  of  her  relapfe,  flie  difcharged  a 
conliderable  quantity  of  purulent  matter,  intermixed  with  fome 
blood  and  foeces,   but  without  any  relief,  and  fhe  died  on  the 
fourteenth.     In  her  lall  flruggles,  which   were  very  violent^ 
ihe  difcharged  (probably  per  vaginani)   a  quantity  of  darkifh 
water,  refembling  high-colour'd  urine,  amounting,  by  eflima- 
tion,  to  at  leaft  two  gallons.     This  difcharge  confiderably  re- 
duced the  bulk  of  the  abdomen,  efpecially  of  the  left  fide. 

The  day  after  her  death,  I  went  about  noon,  with  the  Rev, 
Mr.  Cutlery  of  Ipfwich^  and  Dr.  Spafford^  of  Beverly',  to  opea. 
the  body.     We  expedted  that  it  would  not  be  buried  till  the 
day  following,  but  to  our  great  difappointment,  found  it  was- 
to  be  interred  the  fame  afternoon  :  at  length,  however,  we  were 
allowed  an  hour  to  examine  it. 

On  opening  the  abdomen,  which  now  appeared  about  as  large 
as  in  the  laft  month  of  pregnancy,  a  preternatural  fubflance 
prefented  itfclf,  fituate  a  little  more  to  the  right  fide  than  to 

the 
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•the  left,  and  occupying  nearly  the  whole  cavity.  After  fepa- 
■rating  it  from  the  contiguous  parts,  to  all  of  which  it  firmly 
adhered,  its  general  figure  appeared  to  be  that  of  a  cone  or  pear  ^ 
the  lower  part  (fuppofing  the  body  ereft)  being  within  the 
jpelvisy  was  very  nearly  conical  ;  the  upper  part  was  divided  by 
two  grooves,  running  in  a  right  line  from  its  bafis,  towards  the 
apex  J  the  one  on  its  anterior,  the  other  on  its  poflerior  fide, 
dividing  it  into  two  lateral  portions,  and  giving  it  the  appear- 
ance of  its  having  been  formed  by  two  globular  bodies,  com- 
prefied  together.  The  pofterior  groove  correfponded  to  the  pro- 
jed;ion  of  the  fpine,  to  which  it  adhered  ;  the  anterior  groove 
was  wider,  and  the  protuberances  on  each  fide  fomewhat  larger. 
The  bafis  lay  above  the  kidneys,  arid  the  apex  nearly  low  enough 
to  form  a  tumour  in  perin^o  :  By  cutting  into  it;,  it  appeared  to 
he  an  uniform  fchirrus  of  a  cineritious  colour,  with  veflels,  or 
rather  perforations  interfperfed,  for  conveying  the  circulating 
fluids.  From  its  fituation,  connections  and  figure,  it  appeared 
to  have  originated  In  both  the  ovaria  ;  the  two  fchirrofities  in 
procefs  of  time  unitedj  and  meeting  with  the  leafi:  refifiiance 
from  below,  extended  into  the  pelvis  'till  the  cavity  was  com- 
pleatly  filled.  It  weighed  upwards  of  ten  pounds  and  a  quar- 
ter, averdupois  weight.  We  made  fome  obfervations  on  the 
neighbouring  ^^ifcera,  but  for  want  of  time,  they  were  unavoid- 
?.bly  very  imperfect. 

The  vc/ica  urinaria  was  moderately  diflended  with  urine, 
forming  a  tumour  over  the  ojja  pubis ^  the  neck  being  comprefi- 
ed  between  the  pubis  and  the  fchirrus  ;  its  whole  anterior  fur- 
face  was  firmly  attached  to  the  peritoneum ,  and  the  poflerior  to 
the  fchirrus,  except  a  fmall  portion  in  the  middle  of  it,  which 
adhered  to  the  uterus,  where  that  vifcus  intervened.     The  ure- 
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ters,  for  the  fpace  of  two  or  three  inches,  feemed  to  lie  loojSj 
and  contained  a  fmall  quantity  of  urine  3  their  coats  v/ere  thin 
and  confiderably  diftended.  They  then  entered  upon  the  fchir- 
rus,  one  on  each  Ude,.  involved  in  a  membrane  hereafter  men- 
tioned, running  obliquely  forward  and  downward,  till  they  en- 
tered the  bladder  -,  after  they  were  connected  to  the  fchirrus, 
their  appearance  was  the  reverie  of  the  former  :  to  enable  them 
to  take  this  circuit,  they  had  been  greatly  extended,  and  their 
diameters  were  exceedingly  fmall.  The  uterus  was  extended  in 
a  right  line  upon  the  fchirrus  from  its  balib,  to  which  thej^;z— 
dus  uteri  adhered,  through  the  anterior  groove,  almoil'  to  its 
apex,  continuing  about  an  inch  and  a  quarter  wide,  and  iirmly 
attached  through  its  whole  length.  Its  coats  appeared  in  a  na- 
tural ftate,  except  that  they  were  thinner  by  reafon  of  their  ex- 
ten  fion. 

The  appearance  of  the  tuhc^  falhpiana^  was  fb  unnatural  that 
they  were  fcarcely  diftinguifhable ;  we  found  a  membranous  co- 
vering clofely  embracing  the  bafis,  the  anterior,  and  lateral  fides 
of  the  fchirrus,  extending  downward  nearly  to  the  pelvis  ;  and 
by  its  upper  and  lateral  edges  adhering  to  the  fchirrus,  it  feemed 
to  arife  from  the  uterus ^  which  was  lituated  in  the  middle  of  it, 
and  its  external  membrane  was  a  continuation  of  the  external 
membrane  of  the  uterus.  Through  this  expanfion  on  the  bafis 
of  the  fchirrus  were  ieveral  fmooth  but  irregular  apertures,  of 
about  two  inches  circumference,  through  which  the  bafis  of  the 
fchirrus  appeared  j  it  was  here  about  a  quarter  of  an  inch  thick, 
its  fibres  flefhy  and  varioufly  convolved,  the  lower  part  of  it  was 
much  thinner  and  purely  membranous.  That  part  of  this  te- 
gument which  was  fpread  upon  and  near  the  bafis,  appeared  to 
be  formed  by  a  diflenfion  of  the  fallopian  tubes  included  in  \h^ 

peritoneum 
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peritoneum  or  common  membrane  of  the  abdomen,  and  the  re^ 
mainder  of  it  by  an  expanfion  of  thofe  duplicatures  of  the  fame 
membrane,  ufiully  termed  ligatfienta  lata. 

On  the  backhde,  the  fchirrus  was  attached  to  tht  aorta,  vena 
cava,  &c. — to  there^tim,  which  was  protruded  to  the  right  fide 
of  the  fpine,  it  adhered  for  the  fpace  of  {even  or  eight  inches'-: 
Near  the  bafis,  the  adhefion  was  ftrong  -,  but  a  Httle  lower,  the 
connecting  membrane  contamed  a  quantity  of  grumous  blood, 
appeared  putrid,  and  in  fome  places  was  deftroyed. 

We  wifhed  to  have  afcertained  the  fource  of  the  water  which 
the  patient  difcharged  at  the  time  of  her  death  :  by  the  appear- 
ance of  the  vifcera  there  had  been  none  diifufed  in  the  cavity  of 
the  abdomen ;  and,  from  the  circumftances  above  mentioned, 
it  muft  have  been  contained  in  the  left  hypochondrium  \  In  re- 
moving the  fchirrus,  we  found  a  membrane  (a  fac  to  appear- 
ance)  adhering  to  it,  which  we  cut  through,  and  fuppofed  to 
be  arLempty  hydropic  cyfl ;  but  the  fchirrus  at  that  inftant  en- 
groffed  our  attention  -,  and  people  foon  colleding  to  attend  tht 
funeral,  all  further  examination  was  prevented^ 

We  obferved  nothing  extraordinary  in  any  of  the  other  viA 
eera ;  the  omentum,  as  is  ufual  in  tabid  cafes,  was  nearly  wafledj  . 
and  a   number  of  the  mefenteric  glands  were  enlarged  and  in-- 
durated, . 


:  ^  4,2  Dr.  'B  E  A  R  D  s  L  E  Y*s  ^Remarks 

111.  Remarks  en  the  Effeth  qj fiagnant  Air .  ^7  E B E N E z E"R 
..Beardsley,  Surgeon  of  the  .^^d  Regiment  of  the  AmericaE 
.  Arnrjy  in  the  Campaign  of  in  16. 

ABOUT    the  beginning  of  April,   1776,  the  American 
army,   under  the  command  af  his  Excellency  General 
JVajhifixton.,  marched  from    Bofion  for  Neiu-Tork^  at  which 
.  place  they  arrived  near  the  middle  oi  the  month.     The  lick  and 
invalids  having  been  left  behind,  the  whole  army  were  in  perfed: 
health.     They  took  up  their  quarters  in  the  barracks  and  houfes 
of  the  citizens,  'till  about  the  firil;  of  May,  when  they  all  went 
into  tents,  except  the  2 2d  regiment,  under   the   command  of 
^  Colonel  Samuel  JFyllys,   who,  for  want  of  tents,  -continued  in 
their  quarters  in  Smith-Street.     This  regiment  was  very  heal- 
thy until  about  the  middle  of  the  month,  when  upwards  of  one 
hundred  of  the  men  were  taken  down  with  the  dyfentery  in 
'the  fpace  of  one  week.     Such  a  fadden  invafion  of  this  formi- 
dable  difeafe  alarmed  me  greatly.   As  I  found  upon  enquiry  that 
there  was  not  a  fmgle  dyfenteric  patient  befides,  in  the  whole 
army,  I  concluded  that  the  difeafe  arofe  from  fome  caufe  pecu- 
liar to  the  city  :  hut  after  a  careful  enquiry,  I  could   not    find 
that  there  was  a  fingle  inhabitant  in  the  v/hole  city  that  was 
fick  with  the  diftemper.     Thofe  who  lived  in  the  fame  flreet, 
and  many  of  tliem  in  the  fame  houfes  v/ith  us,  were   entirely 
free  from  this,  or  indeed  any  other  difeafe.     For    feveral   days 
I  was  much  perplexed,  and  greatly  at  a  lofs  as  to  the  caufc. 
.At  length  I  obferved  that  not  only  the  citizens  with    whom 
we  lived  were   free  from  the   difeafe,    but  that  fome   whole 
A  companies  of  the  fame  regiment  had  nothing  of  it.      This  led 
me  to  confider  more  minutely  the  fituation  and  circumflances 
of  thofe  who  were  fick ;  all  of  whom,  I  found,  lived  either  in. 

low 
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low  underground  rooms,  or  elfe  in  garrets,  fo  fituated  as  not  to 
admit  of  a  free  circulation  of  air.  The  rooms  were  alfo  confi- 
derably  lefs  in  proportion  to  the  number  of  men  than  ufuaL 
Struck  with  thefe  difcoveries,  I  conckided  at  once,  that  the  dif- 
eafe  arofe  from  a  confxued  ilagnantair^  deprived  by  this  means 
of  its  natural  elafticity,  and  loaded  with  putrid  effluvia  from  the 
bodies  of  the  unhappy  people  wha  lived  in  it.  Having  com- 
municated my  difcoveries  to  the  Colonel,  I  requefled  that  the 
men,  (both  fick  and  well)  might  be  removed  out  of  thofe  rooms 
into  fuch  as  were  more  airy  and  capacious.  This  meafure  was 
attended  with  the  mofl  falutary  confequences.  .  Thofe  who  were 
iick  recovered  in  a  fhort  time,  except  one  or  two  that  died  j  and 
no  more  being  feized  with  the  difeafe,  in  a  few  weeks  the  regi- 
ment became  entirely  healthy »,  There  was  nothing  peculiar  in 
the  fymptoms  v/hich  attended  the  difeafe,  except,  as  is  ufual  in 
vernal  diftempers,  that  there  was  a  greater  degree  of  inflamation 
than  commonly  attends  autumnal  diiorders  of  the  fame  genus. 
The  difcovery  of  this  lingular  inflance  of  the  pernicious  eiFedts 
of  confined  flagnant  air,  was  of  great  uie  to  me  in  the  courfe  of 
the  campaign.  In  the  months  of  July  and  Auguft,  the  dyfen- 
tery,  bilious  and  other  fevers  of  the  putrid  kind,  became  very  rife 
boih  in  the  army  and  country ,  Great  pains  were  taken  to  pro- 
cure for  our  men  who  were  fick  with  any  of  thofe  diforders, 
large  rooms,  and  to  have  them  well  ventilated.  Yet,  under  thefe 
circumflances,  I  frequently  cbferved,  that  [ceteris  par'hus)  the 
lick  who  lay  in  and  near  the  corners  of  the  rooms,  were  handled 
much  more  feverely  than  thofe  v/hieh  lay  in  the  middle  of  them. 
I  do  not  remember  to  have  met  with  this  obfervation  before, 
but  it  is  undou  btedly  of  great  importance  in  the  treatment  of 
dyfenteries  and  other  putrid  difeafes. 


^5^44  ■^^'  Binney's  Account  of 

TV.     A   remarkable  Cafe  of  Gun  Shot  Wound.     Communicate 
in  a  Letter  from  Barnabas  Binney,  Hofpital  Fhyfician.^ 
and  Surgeon  in  the  Kvs\^nc.2CCi  A.rmy ,  in  iy^2,  to  the  Honorable 
Benjamin  Lincoln,  E/q-,  F.  A.  A. 

ON  April  9,  1782,  David  Beveridge,  a  feaman,  belonging 
to  the  floop  of  war  General  Monk,  was  brought  into  the 
military  hofpital  at  this  place,  having  been  wounded  the  day 
before.  He  was  a  lad  of  about  nineteen  years  of  age,  and  in  a 
good  ftateof  health,  at  the  time  of  the  adion  between  the  iaid 
fhip  and  the  Hyder-Ally.,  In  that  adion  he  was  in  the  main- 
top of  the  Monky  when  he  received  a  mufket-ball  in  his  belly 
.from  one  of  the  marines  on  the  quarter-deck  of  the  Hyder-AIIy, 
then  within  fifteen  yards  of  the  Mo?ik.  The  ball  entered  his 
belly  about  two  inches  above  his  left  groin,  and  v/ithin  an  inch 
of  the  anterior  edge  of  the  left  Uium,  paffing  out  two  inches  on 
the  right  of  the  fpine  between  the  two  inferior  true  ribs,  jufl 
.touching  the  cartilage  of  the  inferior  angle  of  the  v'l^ifcapula. 
When  became  into  the  hofpital  he  had  bled  much,  was  very 
weak  and.  cold,  had  afaultring  voice,  a  cadaverous  countenance, 
and  a  conftant  hiccup,  while  his  foeces  pafTed  freely  out  of  the 
wound  in  his  belly.  In  this  deplorable  condition,  where  neither 
art  nor  nature  could  promife  any  permanent  relief,  the  only  dic- 
tate of  humanity  was  to  fmooth  the  path  of  death.  Being  alfo 
in  great  pain,  I  advifed  him  to  take  a  glafs  of  Madeira  wine, 
with  twenty  or  thirty  drops  of  liquid,  laudan.  in  it,  as  often 
as  neceflary.  He  accordingly  began,  and  continued  this  prac- 
tice 'till  the  thirteenth,  finding  conflant  relief  from  it.  He 
,took  no  kind  of  fuftenance  all  this  time  excepting  wine  whey, 
never  having  any  kind  of  difcharge  ab  ano  from  the  moment  he 

vwas  wounded,  but  conflantly  fquirting  with  confiderable  force 

what 
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'what  feces  he  had,  through  the  wound  in  his  belly.  On  the 
fourteenth  he  had  a  common  glyfter  adminiftered,  the  greateft 
part  of  which  alfo  came  out  at  the  wound,  the  remainder  com- 
ing as  it  went,  ab  anoy  without  bringing  any  foeces.  From  the 
fourteenth  to  the  eighteenth  he  took  confiderable  quantities  of 
gruel  and  whey,  with  a  little  wine  occafionally,  having  no  intcf- 
tinal  difcharge  whatever  but  what  was  made  through  the  wound 
in  his  belly.  On  the  eighteenth,  as  his  ftrength  was  much  in- 
creafed,  and  as  the  wounds  were  confiderably  contra6ted,  and 
looked  well,  I  ordered  another  injection  to  be  adminiftered  gent- 
ly, when,  for  the  iirft  time,  in  eleven  days  he  had  a  natural 
l>ool.  From  this  time  he  had  no  further  difcharge  of  faeces 
through  his  wound  j  his  excretions  became  as  regular  and  as 
natural  as  ever  they  were  j  his  wounds  fuppurated  and  healed 
kindly  i  his  flrength  returned^  and  he  was  exchanged  nearly  as 

"Yv"ell-  as  ever,  on  the  thirtieth. 

That  the  ball  had  pailed  through  the  colon  is  obvious,  from 
the  difcharge  of  perfe6t  feeces  and  of  the  inje(flion  adminiftered, 
db  ano.     That  his  life  depended  upon  our  not  meddling  with 

^he  wound,  and  upon  keeping  him  quiet  and  eafy,  is  alfo  plain  ^ 
as  the  leaft  removal  of  the  orifice  in  the  inteftine  from  the  ori- 
fice through  the  abdomen,  which  were  fo  happily  oppofed  to 
each  other,  muft  have  been  attended  with  a  fatal  difcharge  of 
the  faeces  into  the  abdomen.  That  the  diaphragm  and  lungs 
were  perforated  is  plain,  from  the<:ourJ[e  of  the  ball, and  his  pro- 
fufe  hsEmoptoe.  That  Surgeons  may  be  too  officious,  as  well 
as  too  tardy ;  and  that  where  they  are  not  certain  of  the  utility 
of  their  operations,  they  had  better  leave  even  the  moft  dcipe- 
rate  diforders  to  the  management  of  nature,  ever  provident,  and 
generally  adequate,  are  points  remarkably  enforced  in  this  par- 
tieular  cafe.  Www 
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V.     A  Bill  of  Mortality  for  the  Joimu  of  Salem,  for  the  Tear-^ 
tySz,     By   Edward   Au&ustus   Hoi^yoke,    ilf,  D. 
F.  A,  A,  and  M..  S.  In  a  Letter  tg  Mr.CAL  e  b  QA>iA\E<r  t ,. 
Rec.  Sec.  A,  A, 

SI  R, 

I  Herewith  fend  you  a  bill  c^  mortality,  for  the  town  of 
Salem,  for  the  laft  year,  which,  although  not  fo  accurate 
as  I  could  wifh,  may  yet  perhaps  he  worth  communicating  tO' 
the  Academy  -,  heartily  wifhi ng  the  public  might  be  favoured 
with  more  correct  bills  of  a  like  kind,  from  a  variety  of  towns^ 
of  limilar,and  of  different  fituatlons,  for  a  courfe  of  years  fuccefr- 
fively,.as  they  would  certainly  afford  the  heft  means  of  judging  o£- 
the  ffate  of  population,  a  matter  of  real  ufe  andof  great  curiofity. 

Salem  is  a  fea-port  town,  fituated  in  the  42d  degree  of  N. 

Lat.  onMafaclji/Jetts-Bajy  about  five  leagues  to  the  weftward  of 

Cape-Ann,  and  about  as  far  north-eaftward  from  Bojion  y  where 

a  considerable  trade  is   carried  on  both  with   Europe   and   the 

Weft-Indies.      That  part  of  it  which  is  fettled   thickeff,   is 

moftly  a  peninfula  lying  between  two  fait  water  rivers.     The 

ground  is  flat  and  low,   being  fcarcely  more  than  twenty,   or 

twenty-four  feet  above  the  level  of  the  fea,  at  high  water,  any 

where,  and  in  moff  places  not  near  fo  much  -,  and  excepting  a 

hill  in  the  north- weft,  and  another  to  the  weffward,  neither  of 

them  veiy  high,  there  are  no  eminences  to  interrupt   the  free 

courfe  of  the  winds.     The  foil  is    in  general  light,  dry  and 

fandy,  and  quite  free  from  any  marfhes   or  colled:ions  of  ffag- 

nant  waters.     The  water  of  the  wells,  which  are  very  nume* 

rous,  is  pretty  good,  that  of  many  fo  pure  as  to  bear  foap  well  3 

though,   I  think,  our  tea-kettles  are  generally  covered  on  the 

infide  with  a  flony  crufl, 

Tke 
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■  The  inhabitants  are  not  fubjed:  to  any  endemic  diforders  ,• 
though,  thirty  or  forty  years  ago,  hyfteric  and  nervous  com- 
plaints, are  reputed  to  have  been  more  than  commonly  rife 
here  j  at  prefent,  I  believe  we  are  as  exempt  from  fiicb  mala- 
dies as  the  neighbouring  towns. 

In  the  following  bill  the  number  of  the  dead,  I  believe,  is 
pretty  accurate  ;  the  ages  of  the  deceafed  in  general,  and  the 
>no72th  they  died  in,  are  tolerably  afcertained  ;  but  as  to  the  lift 
of  difeafes,  I  cannot  be  anfwerable  for  a  confiderable  part  of  it, 
as  the  beft  account  I  could  procure  of  the  difeale  is  fometimes 
taken  from  the  fextons,  the  reports  of  nurfes  or  perfons  about 
the  fick-;  and  how  uncertain  that  muftbe,  I  need  not  fay,  when 
even  phyficians  themfelves  are  often  at  a  lofs  how  to  clafs  the 
difeafes  of  their  patients,  with  the  precilion  they  would  wifli  j 
and  in  feveral  inftances  I  have  not  been  able  to  procure  any  ac- 
^count  of  the  difeafe  at  all  :  I  thought  it  better,  however,  to  give 
a  bill  of  that  fort,  imperfedlas  it  is,  than  to  fupprefs  it  entirely. 
As  to  the  births,  I  believe  the  account  is  as  compleat  as  can  be 
'€xped:ed,  confidering  from  whom  we  are  obliged  to  colled  the 
greateft  part  of  it ;  and,  I  fuppofe,  approaches  much  nearer  to 
the  number  of  perfons  adually  born,  than  accounts  of  chriften- 
ings  ever  can,  in  any  country  where  there  is  a  general  religious 
toleration ;  indeed,  in  a  town  where  there  are  various  religious 
iedts,  fome  of  which  never  adminifter  baptifm  at  all,  and  others 
who  never  adminifler  it  but  to  adults,  which  is  our  cafe,  births 
can  never  be  tolerably  guelTed  at  from  an  account  of  chriften- 
ings,  Thefe  however  are  not  negleded,  the  gentlemen  of  the 
clergy  having  been  fo  obliging  as  to  furnifli  me  with  a  com- 
pleat lift  of  their  feveral  baptifms  ^  from  the  fame  hands  too, 
and  from  the  Juftices  of  the  Peace,  who  by  our  laws  are  quali- 

W  w  w  a  fied 


548. 


A  Bill  of  Mortality  y- 


iied  to  marry,  I  am  favoured  with  the  number  of  couples  mar- 
ried. The  number  of  rateable  polls,  &c.  I  have  from  the  alTef-. 
for's  lift.  I  would  further  obferve,  that  the  year  1782,  taking 
it  throughout,  was  more  fickly  than  ordinary,  and  J  have  great . 
reafon  to  think  that  we  have  not  had  fo  great  a  mortality,  lince 
the  year  1773,  vv^hich  -is  the  more  remarkable,  as  no  epidemic 
diforder  has  been  uncommonly  prevalent,  , 

I  fliould  have  been  glad  to  have  procured  a. more  particular- 
bill,  as  well  as  a  more  accurate  one,  but  found  it  impra^flicable, 

I,  am  ,&c. 

E.  A.    HO L YOKE, 

Mr.  Caleb  Gannett. 

A.  Bill  of  Mortality  ^ov  Salem,  for  the  Year  m,dcc,lxxxii,  , 


General 

BliL. 

December 

^3j 

Deiths 

1/5'. 

^7S, 

Births 

317 

Bill  of  Ages. 

Baptifms 

152 

Still-born 

& 

Marriages 

70 

Within  the  month  - 

6. 

Rateable  polls, /.^ 

.  males,  ^ 

Between  i  mon 

.  and.  I  year  -^o 

from  16  years  old  andT 

897 

I  year 

•  and    2 

20 

upwards,   refident  in^ 

2 

and   5 

2, 

the  town, 

2) 

5 

and  lo 

7 

Tranfient  perfons 

— males, 

200 

10 

and  15 

3 

Monthly 

Bill. 

15 

and  20 

6 

January,  died 

21 

20 

and  25 

5 

February 

II 

25 

and  30 

7 

March 

9 

30 

and  40 

24 

April 

12;. 

4.0 

and^o 

la 

May 

8 

50 

and  60 

7. 

June 

11 

60 

and  70 

2 

J^iy 

11 

70 

and  80 

7 

Auguft 

12 

80 

and  90 

6 

September 

2)5 

Ages  unknown. 

of  chil- 

?      0^ 

Oaober 

22 

dren  chiefly, 

5      27 

November 

10 

^75 

BiLI* 
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Bill  of  Diseases. 

Angina 
Aphthae 
Apoplexy , 

Alcites 
Afthma . 
Atrophy 
Cachexy 

Chin-Cough,    combined  ^ 
with   Dyfentery    and  > 
Cholera  Dyfenterica     ^ 
Cholera  Morbus 
Cholera  Dyfenterica 
Coeliaca 

Complicated  Cafe^ 
Conlumption 
Convulfion 
Diarrhoea 
Dyfentery ) 
Empyema 
Ery'fipelas 
Fevers  ■ 

Catarrhal; 

Hofpital 

Pleuritic  . 

Peripneumonic  . 


I 

20 
I 
I 

4 

7 

3 
6 

I 

I 

8 
4 
3 


Putrid 

Nervous 
Rheumatic 

Hydrocephalus  Internus 

Hypochondriacifm 

Lethargy 

Licntery 

Old  Age 

Over-Eating 

Paralytic 

Phthifis  Pulmonalis 

Ricketts 

Ulcers  fmuous 

Vomiting 

Worms 

Suddenly 

New-born 

Still-born 

Cafualties  7,  viz. 

Burnt  < 

Drowned 

Frozen 

Over-laid 

Scalded 

Difeafes  unknown  of 


I 

2 

I 

4 
I 
2 
I 

7 
I 

6 

2 
I 
I 
I 

5 
6 

6 

7 

I 
I 
I 
I 

13 
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A  Bill  of  Mortality  for  Sd/e;r:,  for  the  Year  m,dcc,lxxxiii. 


General  Bill,., 
Deaths 
Births,  about 

Marria^resj- about 
Rateable  polls ,/.  e.  males,  ~ 

from  J  6  years  old  and 

upwards 
Num.ber   of    inhabitants 

eldmat ed  at.  about 
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385 

84 


1000 


goco 


Monthly    Bill, 
January 
February 
March 
April 
May     } 
June     \ 

Augufl 

September 

Odober 


Meafles  were 
epidemic 


S 

9 

9 
1 1 

33 

24 

14 

^7 


12 

November 
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November 
December 


14 
16 
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Bill  of  Ages. 

Still-born  14 

iWithin  the  month  11 
J3etween  i  mon.  and    i  year  27 

1  year  and    2  29 

2  and    5  28 
5           and  10  12 

10           and  15  3 

15            and  20  2 

20            and  25  8 

25            and  30  8 

30            and  40  9 

40            and  ^o  8 

50            and  60  7 

60            and  70  6 

70             and  80  6 

80            and  90  2 

Ages  unknown  of  9 

1S9 

Bill  of  Diseases. 
Anafarca  after  Scarlet  Fever     4 

Angina  i 

Apoplexy  3 

Aicites  I 

Afthma  2 

Atrophy  4 

Cachexy  2 

Cancer  i 

Child-birth           ^  i 

Cholera  Dyfenterica  8 

Goeliaca  3 

Complication  3 

Confumption  5 

Convulfions  8 

Cynanche-maligna  5 

Dyfentery  6 


Empyema 
Fevers 

r 

r 

From  dentition 

I 

Pleuritic 

T 

Peripneumonic 
Rheumatic 

5 

2 

Scarlet 

0 

Synochus 

5 

From  worms 

Hard -Drinking 

Hsemoptoiis 
Head  mould-fhot 

Hydrocephalus  Internxis 

Inflamed  Inteftines 

Imperforate  Anus 

Lientery 

% 

Lock'd-Jaw 

T 

Meafles 

16 

Old  Age 


After  Meafles,  of  Angina  2 

Fever  3 

Confumption  2 

Dyfentery  2 

Peripneumony  7 

Sphacelus  i 

Synochus  i 

5 
Oppreflion  i 

Paralytic  i 

Phthifis  Pulmonalis  13 

Scrophulous  Ulcers  2 

Supprellio  Urinas  i 

Spafm  at  Stomach  i 

Vomica  i 

Vomiting  2 

Worms  3 

New-born,  /.  c.  within  the  7  ^  ^ 

month  5 

Still-born  14 

Suddenly  2 

Shot  dead  i 

Difeafes  unknown  of  10 
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yi.  j^  Hi/lory  of  a  large  Tumour^  in  the  Region  of  the  Abdo* 
men,  containing  Hair,  5^  John  Warren,  Efq-,  F.A.A^ 
and  M.  S.  and  ProfeJJor  of  Anatomy  and  Surgery  in  the  Uni^ 
'uerfity  (9/^  Cambridge. 

AN  averfion  to  the  making  of  large  incifions,  into  fucK 
tumours  as  have  appeared  to  have  been  feated  within  the 
cavity  of  the  abdomen,  has  perhaps  often  been  the  reafon,  why 
thofe  of  them,  which  have  happened  to  contain  a  fubflance  left 
fluid  than  pus,  have  either  induced  a  he(5tic,  from  a  copious  ab-. 
forption  of  the  thinner  and  more  acrid  parts  ;  or,  have  fpeedily 
been  followed  by  a  fatal  termination.  The  following  hiftory, 
may  in  fome  meafure  evince  the  fafety  of  fuch  large  and  free 
openings,  in  cafes  of  this  kind ;  but  the  fads  contained  in  it,  may 
alfo  admit  of  an  application  to  the  purpofe  of  explaining  certain 
pJoene-nena  in  the  animal  ceconomy,^ 

The  produ6lion  of  hair  in  the  human  body,  though  it  has 
often  been  the  fubjeit  of  accurate  examination,  and  ingenious 
fpeculation,  has  perhaps  never  yet  been  latisfadtorily  accounted 
for ;  or  to  fay  the  leafb,  the  folution  is  ilill  deftitute  of  that  llip- 
port  and  convidlion,  which  in  moft  other  phyfiological  inquiries, 
have  fo  Imppily  been  attained. 

Admitting  the  pofition,  that  many,  if  not  all  the  interior  parts 
of  the  body,  are  furnifhcd  with  the  neceilary  fluids  for  the  growth 
of  this  fubftance,  an  accurate  attention  to  the  circumflances 
under  which  it  is  really  produced,  and  to  the  nature  of  the 
parts  in  v/hich  it  is  moft  frequently  found,  muft  undoubt- 
edly afford  ver}^  confiderable  light  on  the  fubjedt  ;  and  from  a 
large  number  of  fach  fads,  carefully  and  judiciouily  colleded, 

it 
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k^Is  not  improbable  that  every  doubt  and  difficulty,  attending 
the  inveftigatlon,  may  be  entirely  removed. 

Z H ,  a  negro  woman,  about  thirty-two  years' of 

age,  early  in  the  year  1783,  applied  for medical  afliflance,  in  a 
cafe  of  a  fwelling  in  the  abdomen,  which  had  become  extremely 
painful,  and  which  began  to  be  attended  with  very  threatening 
fymptoms.  On  examination,  a  very  large  tumour  was  foundfeated 
chiefly  on  the  left  fide,  occupying  the  whole  fpace  between  the 
left  OS  ilium  and  the  left  inferior  ribs,  and  extending  over  to  the 
right  of  the  umbilcal  region,  pointing  a  little  to  the  left  fide 
of  the  navel,  coniiderably  hard,  and  extremely  feniible.  Upon 
inquiry  into  the  origin  of  the  tumour,  it  appeared, "  that  the  pa- 
tient had  firfl  complained  of  pain  in  the  left  groin,  and  a  gene- 
ral enlargement  of  the  abdomen,  immediately  after  delivery  of 
her  third  child:  This  gradually  increafed  after  two  fucceffive 
labours-,  and  fmce  the  birth  of  her  lafl  child,  now  about  twelve 
years  of  age,  had"  been  almofl  conflantly  painful,  though  by  no 
means  in  a  very  diftreffing  degree,  until  about  three  weeks 
prior  to  her  application  for  advice.  At  this  period  her  com- 
plaints were  greatly  exafperated,  in  confequence  of  catching 
cold  at  the  time  of  the  catamenial  evacuation,  by  which  a  total 
fupprelTion  was  induced.  The  common  difcutient  topical  ap- 
plications were  immediately  made  ufe  of ;  the  ufual  methods 
were  employed  to  renew  the  difcharge  ;  but  all  to  no  purpofe„ 
The  fwelling  conflantly  increafed  for  about  three  weeks,  when 
^n  evident  tendency  to  fuppuration  being  perceived,  the  method 
jof  cure  was  immediately  altered  from  a  difcutient  to  a  fuppura- 
,tive  procefs.  In  about  two  weeks,  a  fluctuation  was  percepti- 
ble, and  at  the  end  of  two  more,  an  opening  into  the  cavity  of 
4be  tumour  was  determined  upon. 
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An  extenfive  inciiion  was  accordingly  made  through  the  reBus 
mufcle,  at  a  fufficient  diflance  from  the  ufual  courfe  of  the  epi- 
gajlric  artery  to  avoid  all  danger  of  wounding  it,  and  about  a  pint 
of  watery  matter  immediately  iiTued  through  the  orifice  ;  after 
which  about  the  fame  quantity  of  pure  pus  was  difcharged.     '• 

On  introducing  two  or  three  fingers  into  the  cavity,  a  quantity 
of  foft  fubftance  was  felt  within  it,  much  about  the  confiflen- 
cy  of  foft  foap.  I  immediately  made  ufe  of  a  table-fpoon,  as 
the  mofl  convenient  inftrument  that  could  be  readily  procured 
for  extracting  it,  and  about  a  pound  of  it  was  at  this  time 
obtained  ;  after  which,  as  a  degree  of  faintnefs  began  to  enfue, 
the  wound  was  dreffed,  and  the  patient  placed  in  her  bed,  in  a 
proper  fituation  for  admitting  of  a  free  difcharge  of  any  fluid  that 
might  flill  be  retained. 

At  the  three  or  four  fucceeding  dreflings,  a  portion  of  the 
iame  fubilance  was  taken  out,  till  the  whole  being  cxtrad:ed,  it 
amounted  to  the  quantity  of  about  four  pounds. 

At  each  dreffing,  the  matter  was  particularly  examin- 
ed, and  was  found  to  contain  a  large  quantity  of  fliort  hair 
or  wool,  about  three  quarters  of  an  inch  long,  uniformly  mixed 
with  it,  as  is  feen  in  the  fpecimen  herewith  prefented  for  the 
infpe6tion  of  the  Academy. 

In  each  hair  was  difcoverable  by  the  naked  eye,  a  bulbous 
root,  and  a  pointed  extremity,  both  perfe(;^ly  fimilar  to  what  is 
iiten  in  an  intire  hair  produced  naturally  in  other  parts  of  the 
body.  After  the  removal  of  the  whole  flibflance,  the  hand  waft 
palled  into  and  round  the  cavity  in  fearch  of  bone,  or  any  other 
foreign  body  which  might  be  contained  within  it  -,  but  though 
ibme  of  the  gentlemen  prefent,  on  fuppofition  of  an  extra- 
uterine fee  tus,  exoed:ed  to  have  found  the  former,  yet  nothing  of 
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either  could  be  felt,  though  every  part  was  fairly  acceffible. 
From  this  examination,  it  evidently  appeared,  that  the  matter 
extrad:ed  had  beea  contained  in  a  fac  which  firmly  adhered  to 
tho.  pcn'to?2ceum,  a  circumflance,  I  believe,  generally  attendant 
on  fiippurations  in  the  vifcera  of  the  abdomen,  as  the  natural 
confcqueiice  of  previous  infiammation,. 

On  being  expofed  to  the  heat  of  the  fire  in  an  open  vefiel,  it 
emitted  a  ftrong  urinous  fmell,  and  was  attended  in  other  refpe(fls. 
with  moft  of  the  appearances  ufually  exhibited  In  the,  broiling  of 
animal  fubftances.  The  action  of  flame  produced  a  fmart  and 
continued  decrepitation  of  the  fait  contained  in  it,  until  the 
whole  was  reduced  to  a  fimple  coal  j  but  no  figns  of  inflamma- 
bility, or  the  prefence  of  any  oily  fubfliance,  were  perceptible. 
When  boiled,  the  water  made  ufe  of  in  the  procefs  was  very  lit- 
tle changed  as  to  its  fenfibie  properties ;  but  afler  {landing  fome 
time  in  a  veliei  to  cool,  it  depofited  a  fediment  which  was  fuf- 
peded  to  be  an  alkaline  fait,,  and  which  accordingly  readily  fer- 
mented with  the  vitriolic  acid. 

The  patient,  from  the  ufe  of  the  bark,  fuperficial  drefljngs, 
and  a  refl:orative  diet,  was,  in  about  three  months,  enabled  to 
enter  upon  her  ufual  employment,  which  was  bufinefs  of  the 
mofl:  laborious  kind.  She  had  during  her  illnefs  been  much 
reduced,  and  for  fome  time  continued  in  an  emaciated  ftate, 
yet  flie  now  enjoys  perfeft  health,  and  has  become  mode- 
rately corpulent.  The  catamenial  evacuation  has  been  regu- 
larly performed  ;  but  no  figns  of  pregnancy  have  ever  appeared, 
though  before  her  ficknefs,  Ihe  had  borne  children  uncommonly 
fall. 

Many  of  the  practitioners  in  the  town  of  Bofton  v/ere  called 
i'l  to  vilit  the  patient,  ^.n6.  various  were  the conje(flures  upon  the 
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nature  of  the  cafe.  The  abreiicc  of  all  the  ufual  figns  of  preg- 
nancy, except  at  thofe  periods  which  regularly  preceded  the 
refpedive  deliveries  abovementioned,  is  a  Hrrong  argument  againft 
the  hypothefis  of  an  extra-iiterine  fcetiis  ;  and  it  fliould  feem  by 
no  means  admilfible,  that  the  bones  fhould  have  been  fo  perfectly 
dillblved  as  to  have  formed  with  the  mufcular,  and  other  foft 
parts  of  a  foetus,  one  uniform  and  apparently  homogeneous  mafs 
of  matter.  Are  we  not  authorized,  from  the  general  com- 
plexion of  the  cafe,  particularly  from  the  pain  in  the  groin  of 
the  affe(a;ed  fide,  to  pronounce  the  ovarium  to  have  been  the  fuf- 
fering  part  ?  The  attachment  of  the  Ugamentuni  rotundum  of 
the  uterus  to  the  adipofe  fubftance  in  the  groin,  feems  to  point 
out,  either  the  uterus,  or  fome  other  part  conneded  with  it,  as 
the  feat  of  the  diforder, 

A  difeafed  ovarium  may  eafily  be  conceived  to  acquird  a  fize 
too  great  to  admit  of  it's  being  contained  in  tht  pelvis,  and  from 
its  elevation  in  the  abdominal  region,  the  uterus  itfelf  might 
alfo  be  raifed,  and  a  diftention  of  the  ligament  thereby  be  pro- 
duced. But  it  is  farther  probable,  that  from  an  immediate  ad- 
helion  of  the  ovarium  to  the  neighbouring  part  of  the  uterus, 
the  inflammation  with  which  thofe  parts  might  be  affedted, 
would  extend  to  the  ligament  itfelf;  the  former  caufe  operating 
in  conjundion  with  this,  would  fufficiently  account  for  the 
pain  in  the  groin  of  the  affeded  fide  -,  and  the  application  of 
this  reafoning  in  the  above  inftance,  together  with  the  other  fa<fls 
contained  in  the  hiflory,  might  enable  us,  without  much  diffi- 
t;ulty,  to  form  a  pretty  fure  diagnofis  of  the  difeafe. 
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yil.      Experimefits  on  the  Waters  of  Bofton.      ^j' J.  FeroNo 

Burgeon-Major  of  his  Moji.  Chrijlian  Majejlys  Squad'  on^ 
under  M.  de  Ter nay's  Command  in  North- America,  and 
of  his  Majejlys  Marine  Hofpita.Is  at  Bofton  'and  in  Rhode- 
liland,  F.  M.  S, 

ATE  R,  a  tranfparent,  colourleis,  Inlipid  body,  com- 
monly- fluid,  being  part  of  the  elementary  compofition 
of  all  bodies,  excepting  metals,  and  fo  effential  to  the  exiflenee 
and  prefcrvation  of  thofe  into  whofe  comnqfition  it  enters,  oueht 
to  be  an  objedt  of  careful  attention. 

That  water  which  is.  a  part  of  the  elementary  compofition  of 
bodies  is  pure  |  if  it  was  equally  pure  in  the  different  repolitories 
where  we  find  it,  it  would  need  no  analyfis,  it  would  every 
where  produce  the  fuTie  invarivible  effe(5LS,  for  the  purpcfes 
of  animal  and  vegetable  life,  as  well  as  in  the  various  ufes  to 
which  it  is  daily  applied  ;  but  as  it  is  capable  of  diUblving  many 
other  fubftances,  and  of  retaining  them  diilolved  or  fufpended, 
we  feldom  find  it  pure  ;  it  is  aUvays,  more  or  lefs,  loaded  with 
foreisfn  materials.  Theie 

EJfais  fur  la  Nature  des  Eaux  de  Bofton.  Par  J.  Feron,  Chirurgien- Major 
4e  Uef cadre  de  fa  Majefle  tres  Chrctier,ney  fans  les  Or  dies  de  M.  </<?  Ternay  dans,  le- 
Nord  de  /'Amtrique,  et  de  PHSpital  de  Marine  de  fa  Majefe  a  Lofton  et  a  Rhode- 
Illand,  M.  S.  M. 

L'EAU  ce  corps  diaphane,  infipiJe,  fans  couleur,  ordinairement  fluide,  ele- 
ment de  tous^les  corps,  exccptes  les  metaux,  ft  eirentiel  a  TexiftanGC  et  a  la 
confer vation,  des  etres  dont  il  fait  partie,  doit  etre  un  objeift  digne  de  la  plus 
grande  attention. 

L'eau  qui  entre  comme  element  dans  la  compofition  des  corps  eft  pure,  fi  elle 
etoit  telle  dans  Ls  differens  endroits  oi;  elle  fe  rencontre,  elle  n'auroit  pas  befoin 
d'analife,  elle  produiroit  partout  un  <  ff"t:t  conftant,  foit  pour  I'ufage  animal  ouv.^getal, 
foit  pour  les  differens  fages  auxqucls  on  I'employe  journcllement,  mais  comme  ce. 
flciide  eft  fufceptible  de  dUfoudre  diverfes  fubftanccs,  et  de  les  tenir  dilfoutes  ou  fuf- 
pend..es,  on  ie  trouverarementp:r,!l  eft  toujours  plus  ou  moins  charge  de  matieres 

tfrangeres.     Ccs  matiergs  different  en  raifoa  des  eadroits  par  oa  l'eau  paffe  ou 
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Thefe  materials  differ  according  to  the  places  through  which 
the  water  pafles,  or  in  which  it  is  coUeded,  in  fuch  manner 
that  it  may  be  impregnated  with  one  or  many  foreign  principles 
which  change  its  qualities,  and  render  it  in  general  prejudicial 
to  health,  and  unfit  for  artificial  ufes,  though,  indeed,  in  fome 
cafes,  they  are  favourable  to  both.  Thus  every  one  knows  the 
efficacy  of  certain  mineral  waters  in  difeafes,  and  the  utility  of 
the  waters  of  certain  rivers  and  lakes  for-  the  ufe  of  dyers  j  for 
inflance,  the  advantage  of  mixing  the  waters  of  the  Rhone  and 
Sao?iey  at  Lion^  for  dying  black,  the  water  of  the  Sao?ie  alone 
for  crimfon,  deep  fcarlet,  cherry  colour  and  violet,  while  thofe 
of  the  Rhone  alone  are  prefered  for  white,  green,  grey,  yellow, 
6cc.  the  river  of  Gobelins ,  at  Paris,  for  fcarlet,  and  others  for 
different  colours.  Many  of  thefe  difcoveries  are  the  refult  of 
accident ;  for  others  we  are  indebted  to  analytical  investigation. 
The  analyfis  of  water  then,  is  an  objedt  of  importance,  bt)th  to 
medicine  and  the  mechanic  arts, 

I 

fejourne,  deforte  qu'elle  peut  stre  chargee  d'une  ou  plufieures  fubflanccs  ttrangeres 
a  fa  nature,  qui  alterent  fes  qualitcs,  et  la  rendent  en  general  prejudiciable  a  la 
fante  et  aux  arts  quoique  dans  certains  cas  elles  les  favorifent  ;  en  efFet  perfonne 
n'ignore  les  bons  cfFets  de  certaines  eaux  niinerallcs  dans  plurieurs  maladies,  et  de 
I'utilite  qu'on  tire,  de  celles  de  quelqucs  lacs  ou  rivieres,  pour  les  teintures,  tel  qia 
Lion,  les  eaux  du  Rh:>ne  melees  avee  celles  de  la  Saune  pour  lenoir,  I'eau  de  la  Saone 
feule  pour  le  cramoifu  le  ponyeau,  le  9erire,  le  violet,  &  les  eaux  diit-  Rhone  feul 
font  priferri^es,  pour  le  blanc,  le  vert,  le  gris,  le  jaune,  &c.  la  riviere  des  Gobelins 
a,  Paris  pour  la  coulear  t'carlate.  ainfi  que  d'autres  pour  diiferentes  couleurs  ;  plu- 
fieurs  de  ces  connoill'ances  font  dees  au  hazard,  mais  on  eft  redevable  dun  grand 
nombre  aux  analifes.  I^'analife  des  eaux  femble  done  etre  un  objc<fl  qui  merite 
i'attention  du  medicin  et  de  I'artifte. 

Je  ne  promets  pas  de  x'.n\fY\v  la  tache  que  pref:'nte  un  travail  aufli  grand  ;  j-'xpo- 
ferai  feulemeni  les  diverfes  i-xperiences  que  j'ai  fait,  et  leur  refultats,  avec  autant  de 
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I  do  not  engage  to  enter  at  large  into  a  work  (o  extenfive,  I 
fliall  only  relate  the  experiments  I  have  made,  and  the  refult  of 
them,  with  the  neceflary  precilion  j  and  on  the  ifllie  of  thefe  ex- 
periments, I  fliali  form  a  determination  of  the  qualities  of  the 
waters  of  Bojlon. 

Sea  water  does  not  every  where  furnilh  the  fame  reliduum  on 
evaporation.     At  Boflon  the  refult  was  as  follows  : 

A  pint'*  of  water  taken  up  at  the  head  of  Lcfig-Wharf,  left 
upon  evaporation  6  drachms'-p  40  grains  ^  this  reliduum  being 
diflblvedin  diJlilled  water  and  filtered,  left  6  grains  of  calcareous 
earth  on  the  hltre  ;  the  filtrated  folution  being  evaporated,  left 
5  drachms  2  fcruples  of  fea  fait,  with  an  alkaline  bafis  ;  from 
40  to  47  grains  of  fea  fait,  with  the  terrene  bafis,  or  fal.  ca^ 
thart.  amar.  and  a  fmall  quantity  of  oil. 

Pump  v/ater  being  in  general  ufe,  particularly  engaged  my  at- 
tention ;  it  is  more  or  lefs  charged  with  heterogeneous  parts  in 

proportion 

*   The  pint  ivas  equal  to  an  Engl't/Jj  quart. 
\   The  Drachm  mentioned  contains  j  2  grains. 

circor.fpe<ftlon  que  la  nature  du  travail  exige,  ces  refultats  me  ferviront  de  guide 
pour  former  un  jugement  fur  la  nature  des  eaux  de  Bo/ion. 

Les  eaux  de  la  mcr  ne  fournilfant  pas  partout  le  meme  refidu  par  Tevaporation, 
je  vais  mentionner  ce  qu'elles  mo'nt  donne  a  Bo/ion. 

Une  pinte  *  d'eauprife  a  la  tete  du  Long-Wharf,  m'a  fourni  apres  revaporation 
fix  gros  t  et  quarantc  grains  de  refidu,  les  quels  ayantete  dilfous  dans  I'eau  diftillee 
a  laifle  fur  le  filtre  fix  grains  de  terre  calcaire,  I'eau  eraporee  a  rendue  cinq  gros 
deux  fcrupules  de  fel  marin  a  bafe  d'alkali,  quarante  a  quarante  fept  grains  de  fcl 
marin  a  bafe  terreufe  ou  cathartique  amer,  et  une  petite  quantite  d'huile. 

L'eau  de  pompe  etant  celle  dont  on  fait  un  ufage  plus  frequent,  a  fixe  plus  par- 
ticulierement  mon  attention  ;  elle  eft  plus  ou  moins  chargee  de  parties  heterogenes 
conformement  a  fa  proximitj  aveclamer  ;  ainfi  celle  des  endroits  bas  eft  moins  pure 

que 
*  Une  ptnte  de'au  egalle  an  quart  de  Bofton. 
\  Le  groi  dejolxante  douze  grains. 
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proportion  to  its  proximity  to  the  waters  of  the  ocean.  That 
in  low  fituations,  is  lefs  pure  than  the  water  in  more  elevated 
grounds  ;  it  generally  contains  the  fame  principles,  except  fuch 
as  have  a  fuperabundance  of  calcareous  earth.  Among  fuch  as 
I  examined,  the  water  of  Beacon-bill,  Charter-Street,  and  fome 
in  Ne-w-Boflon,  appeared  moft  free  from  impurities.  The  weight 
was  generally  from  15  to  40  grains  above  that  of  diftilled  wa- 
ter ',  the  thermometer  {landing  in  the  open  air  at  32^,  rofe  to  40 
and  46  on  being  immerfed,  thofe  which  contained  the  mofl 
impurities  being  warmefl.  Thefe  waters  have  a  brack ifli  tafi:e  to 
ftrangers,  and  the  inhabitants  themfelves  are  fenfible  of  it  on 
drinking  the  purer  element,  which  feems  foft  and  infipid  ;  they 
are  hard  and  do  not  diffolve  foap.  I  began  with  determining 
by  the  alkaline  lixivium  ufed  in  making  Pruffian  blue,  whether 
they  contained  any  metallic  principle;  and  being  fatisiied  that 
they  did  not,  I  made  the  following  experiments  :  I  put  into 
two  feparate  vials,  equal  parts  of  diftilled  water  and  of  pump 
water,  and  having  added  to  each  an  equal  quantity  of  pulverized 

rhubarb, 

v-jue  celle  des  ileus  clevis,  elle  contient  generalement  partout  les  m;mes  principes. 
exceptes  quelques  unes  qui  font  fur-chargees  d'une  quantitt  de  terre  cakaire  ;  parmi 
celles  que  j'ai  anallfecs  celle  de  Beacon-Bill,  Charter-Street,  et  quelque  une  de  Ne'-M- 
Bojlon  rn'ont  paru  les  moins  impures.  Leur  poids  ed  depuis  qulnze  jus  qu'a  quar- 
ante  grains  par  pinte  plus  pefante  que  i'eau  diflillee,  le  thermometre  etant  a  I'air 
libre  a  trente  deux,  a  monte  a  quaraute  et  quaraiUe  cinq,  par  immerfion  ;  celles  qui- 
contenoient  le  plus  de  parties  heterogJnes  etoient  les  plus  chaudes. 

Ceo  eaux  ont  un  gout  unpen  faumatre  pour  les  etrangers,  dont  les  habitans  de.. 
Bcf.on  f  apper^olvent  quand  ils  en  boivent  de  plus  pure  la  quelle  ils  trouvent  fade  . 
et  trop  douce.     EUes  font  dares  au  toucher  et  ne  diflblvcnt  pas  le  favon. 

Je  comme  .cais  d'abord  par  m'allurer  au  moyen  de  la  leffive  alicaline  pour  le  bleu 
de  PrufTe,  de  I'exiftance  ou  non-exiftance  d'une  fubftance  metallique  quelccnque  ; 
perfuade  quil  n/  en  avoit  pas,  je  fis  les  experiences  fuivantes. 
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rhubarb,  I  expofcd  them  to  the  fame  degree  of  heat.  The 
diftilled  water ^ave  a  fine  yellow  tiiKlHiure,  but  in  the  other  it 
Was  a  deep  twbvv,  inclining  to  red.  The  fame  experiment  was 
made- witJi^j^chineal,  the  one  yielding  a  fine  red,  the'  other  a 
deeper  coldiir,'  verging  to  crimfon,  afterwards  the  colouring  par- 
ticks  were  :^rccipitated,  partly  or  intirely,  according  to  the  quan^ 
tity  -of  f water.  Logwood,  inflead  of  a  lively,  gave  only  a  dull 
iN^d.incliiiMo- to  crimfon ;  and  with  beet-iuice  the  refult  was 
the  f^-^^'-^'^'Nut^alls  gave  out  a  tinge  of  their  own  colour  in 
pure  Nv^^i,  it  "N^^'as  darker  and  more  opaque  in  pump  water,  and 
a  fjjiall  addition  of  the  fixed  alkali  turned  it  to  a  deep  green. 

'thefe  experiments  feem  already  to  indicate  the  nature  of  a 
fait  with  an  earthy  bafis,  having  fome  marks  of  the  marine  acid. 
I  poured  upQn  a  quantity  of  water,  a  folution  of  filver  in  the  ni- 
troufacid;  there  was  immediately  formed  a  white  cloud,  which 
foofl'  after  became  pearl  coloured,  and  then  of  adarkgrey  ;  afolu- 
c^  of  m^cury,  in  the  fame  menllruum,  produced  a  cloud  and 
</  white 

Je  mis  ieparemtnt  dans  deux  bouteilles,  parties  egales  de  I'eau  diftillte  et  de 
reau'defeompe,j'ajoutai  dans  chaque  le  meme  poids  de  rhubarbe  en  poudre,  et  les 
exporaiaumCmedegrede  chaleur  ;  I'eau  diftlUee  a  donne  une  teinture  d'un  beau 
}aune,itandis  que  I'autre  a  produit  un  jaui>e  fonce  tirant  fur  le  rouge. 

Lafxneme  experience  a  ete  faite  avec  la  cochenille,  Tune  a  fourni  un  beau  rouge, 
et  Mutre  a  donne  d'abord  un  rouge  fonce  qui  auffitot  paiFa  au  cramoifi,  enfuite  la 
partlc  colorante  a  ete  precipitee  en  grande  partie,  ou  entierement,  felon  la  qualite 
de  I'eau  ;  le  bois  de  campeche  au  lieu  de  fournir  une  teinture  d'un  beau  rouge,  a 
donne  un  rouge  fonce  et  cramoifi.  Le  fuc  de  bette  rouge  a  produit  le  me'me  effet. 
La  noix  de  galle  a  fourni  une  teinture  de  fa  couleur  dans  I'eau  pure,  elle  a  ete  plus 
fence  et  opSque  avec  I'eau  de  pompc,  et  bien  peu  d'alkali  fixe  la  rendoit  d'un  vert 

Ces  experiences  femblent  deja  indiquer  la  nature  d'un  fel  a  bafe  terreufe,  don- 
Hant  quelques  indices  d'acide  marin. 
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white  precipitate  :  a  folution  of  the  fixed  alkali,  or  the  alkali 
fiuor,  produced  a  white  cloud,  and  the  precipitate  was  about  fix 
grains  to  a  pint ;  it  diflblved  in  acids  with  efibrvefcence.  Some 
of  tliefe  waters  (that  of  the  cold  bath  in  Water-Street  for  iii- 
flance)  being  put  into  bottles,  a  quantity  of  air  was  perceived 
rifing  in  bubbles  to  the  furface,  and,  by  reft,  was  entirely  difii- 
pated,  and  then  there  might  be  difcovered  a  fmall  fedin»nt. 
Lime-water  dropped  into  thefe  waters,  formed  a  white Jfoud, 
and  detached  a  precipitate  of  the  fame  colour.  j/ 

The  water  oi  Beacon-hill,  and  Charter-Street,  gave  no  fuch 
precipitate  with  the  alkalies  nor  with  lime-water. 

Does  not  the  precipitation  formed  by  the  lirne-water,  joined 
to  the  air-bubbles,  and  the  fediment  taking  place  on  their  efcape, 
indicate  an  earth  fufpended  by  means  of  afuperabundanceof  air  ? 

I  proceeded  next  to  evaporation  ;  a  pint  gave  from  lo  to  36 
grains  of  a  faline  earthy  refiduum,  of  a  yellowifli  colour,  whicli 

y  y  y  left 

Je  verfai  fur  une  quantite  d'eau,  quelques  goutes  de  diflblutlon  d'argent  par 
I'acide  nitreux,  il  fe  forma  fur  le  champ  un  nuage  blanc  qui  bicntot  apres  devint 
couleur  de  ptiile,  et  enfuite  gris  fonce  ;  la  diflblution  de  mercure  parle  meme  acide 
donnoit  un  nuage  et  precipite  hlanc  ;  une  diflblution  d'alkali  fixe,  f  ul'alkali  fluor 
falfoit  parcJtre  vn  nuage  blanc  et  le  precipite  etoitd'environ  fix  grains  par  pinte, 
il  fe  dilTolvoit  dans  les  acides  avec  eiFervefceiice  ;  quelques  unes  des  eaux  tel  que 
celle  de  IFater-Sueet  ;*  par  exemple,  Tnifes  dans  des  bouteilles  laiffoient  apper9evoir 
une  grande  quantite  de  bulles  d'air  qui  montoient  a  la  furface  et  fe  diffipoient  par 
le  repos  ;  on  apperfevoit  alors  un  peu  de  fediment,  I'eau  de  chaux  verfee  goutc  a 
goute  dans  ces  eaux,  formoit  un  nuage  blanc,  et  laiffoit  dcpofer  un  precipite  de  la 
meme  couleur  ;  les  eaux  de  Beacon-Hill  et  de  Ch.irter-Street  ci  devant  mentIonnees,nc 
flourniiToient  point  ce  precipite  avec  les  alkali,  ni  avec  I'eau  de  chaux. 

Le  precipite  que  forme  I'eau  de  chaux  joint  aux  bulles  d'air  que  Ton  apper9oit 
ct  au  fediment  qui  fuit  leur  evafion,  ne  femblent  ils  p^p^montrer  une  terre  fuf- 
pendue  au  moyen  dune  fur  abondauce  d'air  ?  ^''  '    '  '  ■  Jc 

*  Cold  BatL 
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left  on  the  tongue  a  faltifh  diiiigreeable  tafte  -,  thrown  on  a  red- 
hot  iron  in  the  fire,  there  was  no  decrepitation ;  expofed  to  the 
air,  it  fwelled  and  grew  white,  attracting  a  Httle  moiftiire. 

A  drachm  and  1 2  grains  of  thib  reliduam  diliblved  in  diflilled 
water,  left  on  the  filter  1 9  grains  of  a  greyiOi  earth,  which 
was  in  part  foluble  in  the  nitrous  and.  marine  acids,  but  lefs  fo 
in  the  vitriolic,  it  was  precipitated  from  the  two  former  by  the 
laft.  Having  evaporated  the  liquor  to  a  pelhcle,  it  gave  no  re- 
gular cryilals  by  cooling  nor  evaporation  j  a  faline  pellicle  was 
formed  on  the  liquor,  which  I  broke  to  forward  the  cryilialli- 
zation  of  what  remained  -,  this  was  of  a  yellowiili  colour,  and' 
compleatly exficcated  with  great  difficulty.  This  faline  fubftance 
was  neither  acid  nor  alkaline,  it  left  a  faltifh  imprefilon  on  the: 
tongue,  and  a  copperifli  tafte,  decrepitated  a  little  on  the  coals, 
and  diflblved  eafily  in  water.  Fixed  or  volatile  alkali  added  to 
this  folution,  caufed  no  fudden  change,  but  a  precipitation  en- 
fued  foon  after.     Pouring  upon  this  fait,  the  marine  or  nitrous 

acids, 

Je  procedal  enAute  a  I'evaporation,  irae  plnte  m'a  fourni  depuis  dix  juiqu'a  trente 
fix  grains  de  refidu  falin  terreux  de  couleui-  jaunatre,  qui  laiflbit  fur  la  langue  une 
imprefilon  falee  dtfugreeable,  jette  fur  un  fer  rougi  au  feu,  ne  decrepitoit  pas,  f 'eii' 
floit  et  blanchiffoit,  expofe  a  lair  il  attiroit  un  peu  I'humidite. 

*Un  gros  et  douze  grains  de  ce  refidu,  difTous  dans  I'eau  diflillee  a  lai/Te  fur  le- 
filtre  dix-neuf  grains  de  terre  grifutre,  laquelle  etoit  en  partie  foluble  dans  les 
acides  nitreux  et  marin,  et  le  paroilToit  moins  dans  le  vitriolique,  elle  etoit  cepen- 
dant  precipiti  des  deux  premiers  par  le  dernier. 

Ayant  evapore  la  liqueur  jufqa  a  pellicule  elle  n'a  point  donnee  de  criftaus 
reguliers  par  le  r^froidifTement,  ni  I'evaporation,  une  pellicule  faline  affez 
epaifTe  fell  forme  fur  la  liqueur  que  j'ai  rompu  pour  permettre  la  criftallifation 
du  reite,  qui  ne  f'eft  faite  que  par  defochement  et  de  couleur  jaunatre,  difficile  a 
fccher,  cette  fubftance  faline  n'etoit  ni  acide  ni  alkaline,  elle  lai/Toit  une  impreffion 
falce  fur  la  langue  ct  yu  efpece  de  gout  cijivreux,  djcr^^pitoit  unpeufur  ks  charboiis, 

fe 
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acids,  no  motion  was  excited ;  but  the  vitriolic  raifed  a  confi- 
derable  fermentation,  with  vapours  like  thofe  where  this  acid  is 
poured  on  dried  Tea  fait.  This  fait,  expofed  to  the  air,  attra(5led 
moifture ;  but  not  fo  readily  as  that  of  which  we  flia!l  prcfcntly 
treat. 

From  thefe  various  experiments,  may  we  not  conclude  that 
the  waters  of  Bojlon  contain  a  fea  lalt  with  a  bafis  of  mineral  al- 
kali in  fmall  quantity,  a  greater  quantity  of  fea  fait  with  an 
earthy  bafis,  a  certain  quantity  of  oil,  perhaps  a  little  ofy^/ f^- 
th  art  tens  amariis. 

There  are  befides  fome  which  contain  farther  a  fuperabun- 
dance  of  earth,  fufpended  by  means  of  an  undue  proportion  qf 
air. 

To  arrive  at  greater  certainty,  and  make  my  experiments  more 
decifive,  I  combined  fea  fait  with  an  earthy  bafis,  by  mixing 
powder  of  coral  with  the  marine  acid  ;  the  cryftallization  was 

Y  y  y  2  like 

ie  diflblvoit  aifement  dans  I'eau ;  I'alkali  fixe  ou  volatile  ajoute  a  cette  diffolution 
n'occafronnoit  pas  de  changement  fubit,  mais  quelque  terns  apres,  un  precipite  j 
en  verfant  fur  ce  fel  de  I'acide  marin  ou  nitreux  11  ne  paroiflbit  aucun  mouvement ; 
mais  fi  on  fe  fervoit  du  vitriolique,  il  excitoit  une  fermentation  confiderable, 
avec  des  vapeurs  femblables  a  celles  que  ce  meme  acide  occafionne  lors  qu'on 
le  verfe  fur  du  fel  marin  defeche  ;  ce  fel  expofe  a  lair  attiroit  I'liumidite,  ^ependant 
pas  autTi  promptement  que  celui  dont  je  parlerai  ci  apres. 

D'apres  ces  diverfes  experiences  ne  peut  on  pas  conclure,  que  les  eaux  de  Bojlon^, 
contiennent  un  fel  marin  a  bafe  d'alkali  mineral  en  petite  quantite,  une  plus  grande 
de  fel  marin  a  bafe  terreufe,  une  certaine  quantite  d'haile,  peut  etre  un  peu  de  fel 
cathartique  amer. 

En  outre,  11  en  eft  qui  contiennent  deplus  une  fur  abondante  quantite  de  terre, 
laquelle  m'a  parue  fufpendue  au  moyen  d'une  trop  grande  quantite  d'air. 

Pour  m'aflurer  plus  pofitivement  et  rendre  mes  experiences  plus  certaines,  je 
combinai  un  fel  marin  a  bafe  terreufe  au  moyen  de  la  poudre  de  corail  unie  a  I'acida 

marin; 
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like  that  of  the  preceding  fait ;  it  was  whiter,  ariling,  I  fuppofc, 
from  a  difference  in  the  quantity  of  oil ;  it  more  readily  abforbed 
moifture,  becaufe  it  was  not  combined  with  fait  of  an  alkaline 
bafis,  it  did  not  decrepitate  on  the  coals  for  the  fame  reafon  j  in 
other  refpecfts,  it  exhibited  the  fame  appearances  with  the  pre- 
ceding fait. 

Much  remains  to  be  laid,  but  time  and  circumilances  pre- 
vent my  enlarging.  If  this  fketch  fliall  be  thought  of  utility,  I- 
fliall  be  very  agreeably  recompenced. 


marin,  la  crillallifatlon  a  ete  la  rrieme  que  celle  du  .fel  precedent,  niais  il  etoit  plus^ 
blahc,  cela  depend,  je  crois,  d'une  difFerence  huileufe,  il  attiroit  plus  promptement' 
I'humidite  de  I'air  par  ce  q'uil  netoit  point  mele  de  fel  a  bafe  d'alkali,  il  ne  decrepi-:. 
toit  point  fur  les  charbons  par  lameme  raifun,  au  refte,  il  prefentoit  les  memes  phe= 
nomencs  que  le  precedent.  , 

II  refte  ejicore  beaucoup  des  chofes  a  dire  que  le  terns  ni  les  circonftances  ne  me 
permettent  pas  a  prefent ;  heureux  fi  cet  efquifle  peut  ctre  utile,  il  deviendarpouri 
3ioi  une  recompenfe  bien  flatteufe. 


•*• 
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V'lll.  Obfervations  on  the  Longevity  of  the  Inhabitants  of 
IpAvich  and  Hingham,  a?2d  Propofals  for  afcertaining  the 
Value  of  EJlates  Jj eld  fir  Life,  and  the  Reverfion  of  them. 
In  a  Letter  from  the  Rei\  Edward  V/igglesworth, 
F.  A.  A.  and  Hollifan  P r of e for  of  Divinity  in  the  JJniverfity 
of  Cambridge,  to  the  Honourable  James  Bowdoin,  -E/yr 
F.ref  A.  A, 

Cambridge,  January  28,  1782.- 
HoN.    SIR, 

FTER  the  lafl  meeting  of  the  Academy,  the  Rev.  Mr, 

Cutler,  of  Ipjwi ch -Hamlet ,  put  into  my  hands  a  bill  of 

the  births  and  deaths  in  his  pari/li,  from  September  11,  1771, 

to  September  11,  178  i.     This  bill  has  been   kept   with  great 

accuracy;  and  it  ferves  to  fliew,  fo  far  as  a  general  conclufion 

can  be  drawn  from  the  births  and  deaths  in  a  fmgle  paridi,  that 

either  the  climate,  or  the  manner  of  living  on  the  fea-coafl:   of 

New-E?2gland^  is  very  favourable  to  life. 

From  the  fituation  of  Brejlaw,  and  the  employment  of  its 
injiabitants.  Doctor  Halley  fuppofes  that  the  deaths  in  that  city 
are  more  proper  for  tracing  out  the  probabilities  of  the  conti- 
nuance, of  the  human  life  in.  its  various  ftages,  than  thofe  of  any 
other  large  city  in  Europe.  His  table  has  accordingly  been  made 
the  ftandard  for  eili mating  the  value  of  thofe  eflatcs  in  Grcat- 
Britain  which  are  held  for  life. 

The  Dodor  obferves,  that,  the  people  of  Brejlaw  are  en- 
creafed  by  1238  births  annually.  Of  thofe  it  appears,  by  Dr. 
Newmans  tables,  that  348  die  yearly,  m  the  iiril:  year  of 
their  age  -,  fo  that  but  890  do  arrive  at  a  full  year's  age ;  and 
•uhat    193    die  in  five  years,  between  one  and  fix,  complete; 

f:> 
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fo  that  692  of  the  perfons  born,  farvive  fix  whole  years,  anl 
but  710  farvive  iive  v/hole  years.  Hence  it  follows,  that 
at  Brcjlaw  five  perfons  out  of  twelve  that  are  born,  die  be- 
fore they  have  completed  the  fifth  year  of  their  age.  Where- 
as at  Ipfwich-Mainlet ,  where,  in  the  courfe  of  ten  years, 
331  perfons  have  been  born,  but  60  died  before  they  had 
completed  the  fifth  year  ;  that  is  but  6  in  33  ;  which  de- 
termines Ipfwicb- Hamlet  to  be  more  than  twice  as  favourable  as 
Brefuiw,  for  th^  prefervation  of  life  in  its  firfl:  ftages.  A  fimi- 
lar  concluiion  may  be  made  with  refped:  to  the  late  periods  of 
life.  For  by  Dr.  Ilciliefs  table,  out  of  icoo  perfons  who  die 
annually  at  Brejlaw,  but  34  furvive  80  years  complete.  Whereas 
at  Ipfwicb  ^Hamlet ,  out  of  164  perfons  who  have  died  in  ten 
years,  21  perfons  have  furvived  80  years  complete.  At  the 
former  place,  one  in  about  30  5  at  the  latter,  one  in  about  8 
arrive  at  this  great  age. 

Mr.  Lincoln^  eldeft  fon  of  the  Hon.  Major-General  Lincoln^ 
lias  been  fo  kind  as  to  favour  me  with  a  copy  of  the  Rev.  Mr. 
Gays  bills  of  the  baptifms,  marriages  and  burials,  in  the  firfl 
parifh  in  Kingham,  from  1726  to  1779,  inclufive.  This  aged 
and  venerable  gentleman  has  been  exceedingly  accurate  in  keep- 
ing thofe  bills.  The  age  of  every  perfon  who  has  died  in  his  pa- 
rifh for  54  years,  is  fet  down  in  the  order  of  the  deaths.  This 
bill  will  be  very  ferviceable  in  computing  a  table  of  the  probabi- 
lities of  the  continuance  of  life  in  New-England,  pofiibly  more 
ih  than  any  others  that  can  be  obtained. 

This  bill   I  have  reduced  to  the  refpedive  years  of  the  hu- 
man life,  and  by  this  means  have  determined  the  particular  num- 
ber that  have  died  in  each  age.     From  the  redudion,  it  appears, 
that  Uingham,  as  well  as  Ipfwicb,  is  more  favourable  to  longe- 
vity 
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vity  than  BreJlaWy  the  Britijh  fbndard  of  Hfe.  At  the  firft  pa- 
rifh  in  Hingham,  in  a  period  of  fifty-four  years,  2247  perfons 
have  been  born  ;  there  have  been  521  marriages,  and  11 13 
deaths.  Of  thofe,  168  have  died  in  the  firil:  year,  and  404  un- 
der five  years  complete.  Out  of  1 1 1 3  perfons  who  have  died 
in  54  years  in  that  parifli,  84  perfons  have  furvived  8a 
years  complete  ;  whereas  at  Brejlaw  only  34  out  of  loocx  fur- 
vived that  age. 

Thefe  fpeculations  are  not  defigned  as  a  mere  amufeinent ',  they 
are  intended  for  a  'va/uaMe  purpoje  in  civil  life.  The  value  of 
thofe  efhates  which  are  held  for  life,  and  the  reverfion  of  them, 
can  only  be  determined  by  knowing  the  probability  which  there- 
is,  that  their  refpediive  holders  will  live  for  a  longer  or  fhorter 
term  of  years.  Thofe  probabilities  are  different  in  different  pe- 
riods of  life.  The  prefent  value  of  two  eftates  held  in  dov/er, 
whofe  annual  incomes  are  equal,  may  be  very  different.  For 
inflance,  a  widow  of  30  years  of  age  has  an  equal  chance  o^  liv- 
ing, according  to  Dr.  Ilaileys  table,  about  28  years  3  whereas 
one  of  50  years  has  only  an  equal  chance  of  living  17  years. 
The  prefent  value,  therefore,  of  the  eftates  held  by  them  re- 
fpedlively,  as  well  as  the  value  of  their  reverfon,  though  their 
annual  incomes  fliould  be  equal,  are  very  diiterent.  There  has, 
as  yet,  been  no  certain  rule  eilabliflicd  for  efli mating  the  value 
of  fuch  eflatcs.  Whenever  a  v/idov/  his  compounded  v/ith  the 
heirs  of  an  eflate  for  a  fum  of  money  in  lieu  of  her  dov/cr,  the 
compofition  has  been  made  at  random,  and  not  on  any  fixed 
principles  that  have  determined  it  to  be  equitable. 

From  the  comparifon  made  above,  it  is  evident,  that  the  pre- 
fent value  of  eftates  among  us,  held  for  life,  and  the  value  of  the 
reverfion  of  fach  eftates^^  cannot  be  traced  widi  accuracy  from 
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the  European  tables.  If  ever  it  lliould  be  effecfted,  tables  mufi: 
be  conftrudted  among  ourfelves  ;  and  this  can  only  be  done  by 
keeping  regular  bills  of  mortality,  comparing  them  together, 
and  making  proper  dedudiions  from  their  joint  refult. 

It  is  therefore  to  be  wiflied,  that  thofe  gentlemen  who  have 
fuch  bills  in  their  polTeffion,  or  have  it  in  their  power  to  procure 
them,  would  communicate  them  to  the  Academy  at  fome  fu- 
ture meeting. 

I  have  inclofed  the  Rev.  Mr.  Cutler's  hill,  mentioned  alrea- 
dy, with  a  requefl  that  I  may  be  permitted  to  take  a  copy  of  it. 
Thofe  of  the  Rev.  Mr.  Gay,  I  have  been  prevented,  by  ill 
health,  from  putting  into  proper  order  for  laying  them  be- 
fore the  Academy  at  their  prefent  meeting  ;  but  hope  to  be  able 
*o  do  it  before  the  next  meeting  of  the  fociety. 

I  am,  &c. 

EDWARD    WIGGLESWORTH. 

Honourable  James  Bowdow,  Efquire. 
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